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1
METHOD OF TREATING BONE DISORDERS
USING TSG-6

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. § 371
from international application PCT/GB2007/000772, filed
Mar. 6, 2007, which claims priority from Great Britain Appli-
cation No. 0604460.6, filed Mar. 6, 2006.

FIELD OF THE INVENTION

The present invention relates to a method for treating or
preventing diseases or conditions associated with bone
resorption by osteoclasts.

BACKGROUND OF THE INVENTION

Tumour necrosis factor (TNF)-stimulated gene 6 (TSG-6)
is an inflammation-induced protein with protective roles in
arthritis. TSG-6, the ~35 kDa secreted product of TNF-stimu-
lated gene-6, is expressed in response to inflammatory media-
tors and growth factors, where there is believed to be little or
no constitutive expression of the protein in healthy tissues
(Milner & Day (2003) J. Cell Sci. 116, 1863-1873).

There is increasing evidence that TSG-6, whilst induced in
response to inflammation, has anti-inflammatory and chon-
droprotective properties, making it an endogenous inhibitor
of joint destruction. In this regard, TSG-6 has been found to
have diverse biological activities, such as inhibition of neu-
trophil migration, down-regulation of plasmin activity, and
the cross-linking of hyaluronan (HA) chains, which are all
likely to contribute to its chondroprotective properties (Wis-
niewski et al. (1996) J. Immunol. 156, 1609-1615; and Milner
et al., (2006) Biochem. Soc. Trans. 34, 446-450).

TSG-6, which is comprised almost entirely of contiguous
Link and CUB_C domains, binds to a variety of protein and
glycosaminoglycan ligands (including HA, chondroitin-4-
sulphate, aggrecan, inter-a-inhibitor (Ial), pentraxin-3,
thrombospondin-1, fibronectin and heparin/heparan sul-
phate), where the majority of these interactions are mediated
through its Link module domain. Mutagenesis studies have
revealed that at least three non-overlapping ligand-binding
surfaces are present on the Link module (Mahoney et al.
(2005) J. Biol. Chem. 280, 27044-27055; and Kuznetsova et
al. (2005)J. Biol. Chem. 280,30899-30908). To date, the only
ligand identified for the CUB_C domain is fibronectin (D J
Mahoney & A I Day, unpublished data). In addition, this
domain contains a divalent cation-binding site (Rugg et al.
(2005) J. Biol. Chem. 280, 25674-25686).

TSG-6 has been detected in the context of inflammatory
diseases such as rheumatoid arthritis (RA), where it is present
in the synovial fluid, cartilage and synovia. It is likely that
TSG-6 is produced locally in joint tissues, since its expression
can be induced in cultured human chondrocytes by TNF,
IL-1, IL-6, TGF-f and PDGF and it is constitutively
expressed by synoviocytes from RA patients, where its pro-
duction is further enhanced by treatment with IL.-1, TNF and
1L-17 (Milner et al., (2006) Biochem. Soc. Trans. 34, 446-
450).

Importantly, a number of recent studies have revealed that
TSG-6 has a protective role in experimental models of arthri-
tis. For example, in a model of collagen-induced arthritis
(CIA; an autoimmune polyarthritis with a histopathology
similar to human RA), there was delayed onset of symptoms
and reduction of both disease incidence and joint inflamma-
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tion/destruction in TSG-6 transgenic mice or wild-type mice
treated systemically with recombinant human TSG-6 (Min-
drescu et al. (2000) Arthritis Rheum. 43, 2668-2677; and
Mindrescu et al. (2002) Arthritis Rheum. 46, 2453-2464). In
TSG-6 transgenic animals, an ameliorative effect comparable
to anti-TNF-antibody treatment was seen. Furthermore, in
cartilage-specific TSG-6 transgenic mice, the instigation of
antigen-induced arthritis (AIA; a model of monoarticular
arthritis) resulted in delayed cartilage damage compared to
controls, with reduced degradation of aggrecan by MMPs and
aggrecanase, and there was evidence of cartilage regenera-
tion, 4-5 weeks after the onset of disease in these animals
(Glant et al. (2002) Arthritis Rheum. 46, 2207-2218). Similar
chondroprotective effects were seen in wild-type mice where
recombinant murine TSG-6 was injected directly into the
affected joint in AIA or intravenously in proteoglycan-in-
duced arthritis (PGIA; a model of human RA) (Bardos et al.
(2001) Am. J. Pathol. 159, 1711-1721).

The anti-inflammatory and chondroprotective effects of
TSG-6 observed in these studies are likely due to more than
one mechanism. Most importantly, TSG-6 is a potent inhibi-
tor of neutrophil extravasation in vivo and has also been
implicated in the inhibition of the protease network through
its potentiation of the anti-plasmin activity of Ial, where
plasmin is a key regulator of proteolysis during inflammation,
e.g., via its activation of MMPs (Wisniewski et al. (1996) J.
Immunol. 156, 1609-1615; and Getting et al. (2002) J. Biol.
Chem. 277, 51068-51076). In this regard, mice lacking
TSG-6 develop an accelerated and much more severe form of
PGIA than controls, with rapid and extensive cartilage deg-
radation and bone erosion (Szanto et al. (2004) Arthritis
Rheum. 50,3012-3022). Increased neutrophil infiltration and
plasmin activity were suggested to account for these eftects in
the TSG-6~"" mice.

SUMMARY OF THE INVENTION

The present inventors have shown that TSG-6 inhibits bone
resorption by osteoclasts. Osteoclasts are large, multinucle-
ated cells that are derived from the monocyte/macrophage
lineage and degrade bone matrix and mineral in the process of
bone resorption. The present inventors have also shown that
the absence of TSG-6 in TSG-6 knockout mice leads to
increased bone resorption by osteoclasts. The present inven-
tors have shown that TSG-6 is useful in treating and prevent-
ing a bone disease or condition associated with bone resorp-
tion by osteoclasts. The present inventors have also shown
that administration of osteoprotegerin (OPG) in combination
with TSG-6 results in a synergistic effect. A combination of
TSG-6 and OPG inhibit bone resorption by osteoclasts to a
greater extent than the sum of each factor alone.

In accordance with the present invention, there is thus
provided the use of a TSG-6 polypeptide, or a polynucleotide
encoding a TSG-6 polypeptide, in the manufacture of a medi-
cament for the treatment or prevention of a bone disease or
condition associated with bone resorption by osteoclasts. In a
preferred embodiment, the medicament is administered in
combination with a therapeutically or prophylactically effec-
tive amount of an OPG polypeptide, a polynucleotide encod-
ing an OPG polypeptide or an OPG mimetic.

The present invention also provides a method of treating or
preventing a bone disease or condition associated with bone
resorption by osteoclasts in a subject in need thereof, the
method comprising administering to the subject a therapeu-
tically or prophylactically effective amount of an TSG-6
polypeptide, or a polynucleotide encoding an TSG-6
polypeptide. In a preferred embodiment, the method further



US 9,066,908 B2

3

comprises administering to the subject a therapeutically or
prophylactically effective amount of an OPG polypeptide, a
polynucleotide encoding an OPG polypeptide or an OPG
mimetic.

The invention further provides:

use of:

(a) aTSG-6 polypeptide, or a polynucleotide encoding a
TSG-6 polypeptide; and

(b) an OPG polypeptide, a polynucleotide encoding an
OPG polypeptide or an OPG mimetic;

in the manufacture of a medicament for the treatment or
prevention of a disease or condition associated with
bone resorption by osteoclasts;

a product containing:

(a) aTSG-6 polypeptide, or a polynucleotide encoding a
TSG-6 polypeptide; and
(b) an OPG polypeptide, a polynucleotide encoding an
OPG polypeptide or an OPG mimetic;
for simultaneous, separate or sequential use in the treat-
ment or prevention of a disease or condition associ-
ated with bone resorption by osteoclasts; and use of:
(a) aTSG-6 polypeptide, or a polynucleotide encoding a
TSG-6 polypeptide; or
(b) an OPG polypeptide, a polynucleotide encoding an
OPG polypeptide or an OPG mimetic;
in the manufacture of a medicament for the treatment
or prevention by combination therapy of a disease
or condition associated with bone resorption by
osteoclasts, wherein (a) and (b) are administered
simultaneously, separately or sequentially.

One advantage of the present invention is that the TSG-6
polypeptide or polynucleotide can have anti-inflammatory
and/or chondroprotective effects in addition to inhibiting
bone resorption by osteoclasts. These anti-inflammatory and/
or chondroprotective effects can result from the inhibition of
neutrophil migration, the down-regulation of plasmin activity
and/or the TSG-6-mediated cross-linking of HA chains.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows the effect of TSG-6 on osteoclastogenesis.
sRANKL/M-CSF-mediated human osteoclast formation was
determined in the absence (lighter bars on the right hand side)
and presence (darker bars on the left hand side) of recombi-
nant human TSG-6 (25 ng/ml (0.8 nM)). Data (n=8 dentine
slices) are expressed as mean values+S.E. of 2 independent
experiments, of 4 replicates each.

FIG. 2 shows the inhibitory effect of TSG-6 on lacunar
resorption over a range of TSG-6 concentrations. Data (n=8
dentine slices) are expressed as mean values=S.E. of 2 inde-
pendent experiments, of 4 replicates each.

FIG. 3 shows a comparison of the bone resorptive activities
of osteoclasts derived from bone marrow of wild-type (WT,
left hand side bars) and TSG-1""" mice (KO, right hand side
bars). Data (n=4 dentine slices) are expressed as mean
values+S.E. of 2 independent experiments, of 4 replicates.

FIG. 4 shows the interaction of TSG-6 with sRANKL.
Full-length TSG-6, Link_TSG6 or CUB_C_TSG6 were
coated onto microtitre plates at a range of concentrations and
the binding of sSRANKL (5 pmol/well) was determined using
a RANKUL-specific antibody. All data are plotted as mean
absorbance (405 nm) values (n=8)+S.E.

FIG. 5 shows quantification of TSG-6 and OPG in the
synovial fluid from patients with various bone disorders. Pro-
tein levels in various bone disorders were determined using
“in-house designed” ELISA assays. The levels of TSG-6 are
shown in the lighter bars on the left hand side. The levels of
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OPG are shown in the darker bars on the right hand side. This
Figure indicates variation in the levels of TSG-6 and OPG
depending on the severity and stage of the bone diseases
osteoarthritis (OA), pyrophosphate arthropathy (PPA), rheu-
matoid arthritis (RA) and gout. Each sample was assessed in
triplicate and the number of synovial fluid samples for each
condition is given (N number). The values are expressed as
the meanzstandard error of the mean for each group.

FIG. 6 shows a comparison between TSG-6 and OPG
levels in the synovial fluid samples of osteoarthritis (OA)
patients (n=20). This data demonstrates that variability in
levels of TSG-6, as compared to OPG levels, could contribute
to the extent and severity of disease.

BRIEF DESCRIPTION OF THE SEQUENCES

SEQ ID NO: 1 shows the nucleic acid sequence encoding
the full-length Q144 allotypic variant of human TSG-6.

SEQ ID NO: 2 shows the amino acid sequence of full-
length Q144 allotypic variant ot human TSG-6. This allotypic
variant has a glutamine residue (Q) at position 144. It is the
most common allotypic variant and is found in approximately
86% ofthe Caucasian population (Nentwich et al. (2002) 277,
15354-15362).

SEQ ID NO: 3 (residues 18-277 of SEQ ID NO: 2) shows
the amino acid sequence of the Q144 allotypic variant of
human TSG-6 without the signal sequence.

SEQ ID NO: 4 shows the nucleic acid sequence encoding
the full-length R144 allotypic variant of human TSG-6.

SEQ ID NO: 5 shows the amino acid sequence of full-
length R144 allotypic variant of human TSG-6. This allotypic
variant has an arginine residue (R) at position 144. Itis the less
common allotypic variant and is found in approximately 14%
of the Caucasian population (Nentwich et al. (2002) 277,
15354-15362).

SEQ ID NO: 6 (residues 18-277 of SEQ ID NO: 5) shows
the amino acid sequence of the R144 allotypic variant of
human TSG-6 without the signal sequence.

SEQ ID NO: 7 (residues 37-128 of SEQ ID NOs: 2 and 5)
shows the amino acid sequence of the Link module of human
TSG-6.

SEQ ID NO: 8 shows the nucleic acid sequence encoding
Link_TSG®6 used in the Examples (Day et al. (1996) Protein
Expr. Pruif- 8, 1-16).

SEQ ID NO: 9 shows the amino acid sequence of
Link_TSG6 used in the Examples. Residues 3-95 of SEQ ID
NO: 9 correspond to SEQ ID NO: 7 (residues 37-128 of SEQ
ID NOs: 2 and 5). The initiating methionine (Met-1) is
removed on expression of Link_TSG6 (Day et al. (1996)
Protein Expr. Pruif, 8, 1-16).

SEQ ID NO: 10 (residues 129-277 of SEQ ID NO: 2)
shows the amino acid sequence of the CUB_C domain of the
Q144 allotypic variant of human TSG-6.

SEQ ID NO: 11 (residues 129-277 of SEQ ID NO: 5)
shows the amino acid sequence of the CUB_C domain of the
R144 allotypic variant of human TSG-6.

SEQ ID NO: 12 shows the nucleic acid sequence encoding
the CUB_C_TSG6 used in the Examples.

SEQ ID NO: 13 shows the amino acid sequence of
CUB_C_TSG6used inthe Examples. Residues 2-150 of SEQ
ID NO: 13 correspond to SEQ ID NO: 11 (residues 129-277
of SEQ ID NO: 5). The initiating methionine (Met-1) is not
removed on expression of CUB_C_TSG6 (A J Day, unpub-
lished data).

SEQ ID NO: 14 shows the nucleic acid sequence encoding
full-length human OPG.
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SEQ ID NO: 15 shows the amino acid sequence of full-
length human OPG.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method for treating or
preventing bone diseases or conditions associated with bone
resorption by osteoclasts, which method comprises adminis-
tering to a subject a TSG-6 polypeptide or a polynucleotide
encoding a TSG-6 polypeptide. In a preferred embodiment,
the method further comprises administering to the subject a
therapeutically or prophylactically effective amount of an
OPG polypeptide, a polynucleotide encoding an OPG
polypeptide or an OPG mimetic.

TSG-6 Polypeptides

The TSG-6 polypeptide is preferably human TSG-6, or a
variant or fragment of human TSG-6 which retains RANKL
binding activity. The TSG-6 polypeptide has the ability to
inhibit bone resorption by osteoclasts. The variant can be a
TSG-6 polypeptide from another organism, such as a primate,
a mouse or a rat.

The TSG-6 polypeptide preferably comprises:

(a) the amino acid sequence of SEQ ID NO: 2 or 5;

(b) a variant thereof having at least 50% identity to the
amino acid sequence of SEQ ID NO: 2 or 5 and having
receptor activator of NFkB ligand (RANKL) binding activ-
ity; or

(c) a fragment of either (a) or (b) having RANKI. binding
activity.

Preferably, the polypeptide comprises, or consists of, the
sequence of SEQ ID NO:2 or 5.

The TSG-6 polypeptide can additionally lack a signal
sequence. Accordingly, the TSG-6 polypeptide preferably
comprises:

(a) the amino acid sequence of SEQ ID NO: 3 or 6;

(b) a variant thereof having at least 50% identity to the
amino acid sequence of SEQ ID NO: 3 or 6 and having
RANKL binding activity; or

(c) a fragment of either (a) or (b) having RANKI. binding
activity.

The TSG-6 polypeptide preferably consists of the
sequence shown in SEQ ID NO: 3 or 6.

The TSG-6 polypeptide can additionally lack the CUB_C
domain. The CUB_C domain corresponds to residues 129-
277 of SEQ ID NOs: 2 and 5. The TSG-6 polypeptide can
comprise only the Link module of human TSG-6. The Link
module corresponds to residues 37-128 of SEQ ID NOs: 2
and 5 and is shown in SEQ ID NO: 7. The Link module is
responsible for the hyaluronan (HA) binding activity, chon-
droitin-4-sulphate binding activity, aggrecan binding activity,
inter-ci-inhibitor (Ial) binding activity, bikunin binding activ-
ity, versican binding activity, dermatan sulphate binding
activity, pentraxin-3 binding activity, thrombospondin-1
binding activity, heparin/heparan sulphate binding activity
and RANKL binding activity of TSG-6. Accordingly, the
TSG-6 polypeptide preferably comprises:

(a) the amino acid sequence of SEQ ID NO: 7;

(b) a variant thereof having at least 50% identity to the
amino acid sequence of SEQ ID NO: 7 and having RANKL
binding activity; or

(c) a fragment of either (a) or (b) having RANKI. binding
activity.

The TSG-6 polypeptide preferably consists of the
sequence shown in SEQ ID NO: 7.
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SEQ ID NO: 9 shows a recombinant polypeptide which
includes the Link module of TSG-6 (Link_TSG6). Accord-
ingly, the TSG-6 polypeptide used in the invention preferably
comprises:

(a) the amino acid sequence of SEQ ID NO: 9;

(b) a variant thereof having at least 50% identity to the
amino acid sequence of SEQ ID NO: 9 and having RANKL
binding activity; or

(c) a fragment of either (a) or (b) having RANKL binding
activity.

The TSG-6 polypeptide preferably consists of the
sequence shown in SEQ ID NO: 9.

The TSG-6 polypeptide can additionally lack the Link
module. The Link module corresponds to residues 37-128 of
SEQ ID NOs: 2 and 5. The TSG-6 polypeptide can comprise
only the CUB_C domain of human TSG-6. The CUB_C
domain corresponds to residues 129-277 of SEQ ID NOs: 2
and 5 and is shown in SEQ ID NOs: 10 and 11. The CUB
module is also responsible for the fibronectin binding activity
of TSG-6 and RANKL binding activity of TSG-6. Accord-
ingly, the TSG-6 polypeptide preferably comprises:

(a) the amino acid sequence of SEQ ID NO: 10 or 11;

(b) a variant thereof having at least 50% identity to the
amino acid sequence of SEQ ID NO: 10 or 11 and having
RANKL binding activity; or

(c) a fragment of either (a) or (b) having RANKL binding
activity.

The TSG-6 polypeptide preferably consists of the
sequence shown in SEQ ID NO: 10 or 11.

SEQ ID NO: 13 shows a recombinant polypeptide which
includes the CUB_C domain of TSG-6 (CUB_C_TSG-6).
Accordingly, the TSG-6 polypeptide used in the invention
preferably comprises:

(a) the amino acid sequence of SEQ ID NO: 13;

(b) a variant thereof having at least 50% identity to the
amino acid sequence of SEQ ID NO: 13 and having RANKL
binding activity; or

(c) a fragment of either (a) or (b) having RANKL binding
activity.

The TSG-6 polypeptide preferably consists of the
sequence shown in SEQ ID NO: 13.

Variant polypeptides are those for which the amino acid
sequence varies from that in SEQ ID NO: 2, SEQ ID NO: 3,
SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO:
9, SEQ ID NO: 10, SEQ ID NO: 11 or SEQ ID NO: 13, but
which retain the function of TSG-6. The variant polypeptides
therefore inhibit bone resorption by osteoclasts. The variant
polypeptides bind to RANKL.

The variant polypeptides typically also bind to HA, chon-
droitin-4-sulphate, aggrecan, inter-ci-inhibitor (Ial), bikunin,
versican, dermatan sulphate, pentraxin-3, thrombospondin-1,
heparin/heparan sulphate and/or fibronectin. The variant
polypeptides can also have anti-inflammatory and/or chon-
droprotective effects.

The binding activity of the variant polypeptides can be
modified to produce different effects in a subject treated in
accordance with the invention. For instance, a variant
polypeptide that is unable to bind inter-a-inhibitor (Ial) may
not produce anti-inflammatory eftects in the subject. Alterna-
tively, a variant polypeptide that is unable to bind to HA may
not produce chondroprotective effects in the subject.

Typically, polypeptides with more than about 50%, 55% or
65% identity, preferably at least 70%, at least 80%, at least
90% and particularly preferably at least 95%, at least 97% or
atleast 99% identity, with the amino acid sequence of SEQ ID
NO: 2, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 6, SEQ
ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11
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or SEQ ID NO: 13 are considered variants of the TSG-6
protein. Such variants include allelic variants and the dele-
tion, modification or addition of single amino acids or groups
of amino acids within the protein sequence, as long as the
peptide maintains the basic functionality of TSG-6. The iden-
tity of variants of SEQ ID NO: 2, SEQID NO: 3, SEQID NO:
5,SEQIDNO: 6,SEQIDNO: 7, SEQIDNO: 9, SEQID NO:
10, SEQ ID NO: 11 or SEQ ID NO: 13 can be measured over
a region of at least 50, at least 75, at least 100, at least 150, at
least 200 or at least 250 or more contiguous amino acids of the
sequence shown in SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID
NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 9, SEQ
ID NO: 10, SEQ ID NO: 11 or SEQ ID NO: 13, or more
preferably over the full length of SEQ ID NO: 2, SEQ ID NO:
3,SEQIDNO:5,SEQIDNO: 6, SEQIDNO: 7, SEQIDNO:
9, SEQ ID NO: 10, SEQ ID NO: 11 or SEQ ID NO: 13.

Variants ofthe amino acid sequence of SEQ ID NO: 2, SEQ
ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7 or
SEQ ID NO: 9 preferably contain the residues shown to be
essential for hyaluronan binding in Mahoney et al. (2001) J.
Biol. Chem. 276, 22764-22771 and Blundell et al. (2003) J.
Biol. Chem. 278, 49261-49270. Variants of the amino acid
sequence of SEQ ID NO: 2 or 5 preferably contain the resi-
dues Lys-46 and/or Tyr-47 and/or Tyr-94 and/or Phe-105
and/or Tyr-113 of SEQ ID NO: 2 or 5. Most preferably, the
variant of SEQ ID NO: 2 or 5 contains each of residues
Lys-46, Tyr-47, Tyr-94, Phe-105 and Tyr-113 of SEQ ID NO:
2orS5.

Variants of the amino acid sequence of SEQID NO: 3 or 6
preferably contain the residues Lys-29 and/or Tyr-30 and/or
Tyr-77 and/or Phe-88 and/or Tyr-96 of SEQ ID NO: 3 or 6.
Most preferably, the variant of SEQ ID NO: 3 or 6 contains
each of residues Lys-29, Tyr-30, Tyr-77, Phe-88 and Tyr-96 of
SEQ ID NO: 3 or 6.

Variants of the amino acid sequence of SEQ ID NO: 7
preferably contain the residues Lys-10 and/or Tyr-11 and/or
Tyr-58 and/or Phe-69 and/or Tyr-77 of SEQ ID NO: 7. Most
preferably, the variant of SEQ ID NO: 7 contains each of
residues Lys-10, Tyr-11, Tyr-58, Phe-69 and Tyr-77 of SEQ
IDNO: 7.

Variants of the amino acid sequence of SEQ ID NO: 9
preferably contain the residues Lys-12 and/or Tyr-13 and/or
Tyr-60 and/or Phe-71 and/or Tyr-79 of SEQ ID NO: 9. Most
preferably, the variant of SEQ ID NO: 9 contains each of
residues Lys-12, Tyr-13, Tyr-60, Phe-71 and Tyr-79 of SEQ
IDNO: 9.

Amino acid identity may be calculated using any suitable
algorithm. For example the UWGCG Package provides the
BESTFIT program which can be used to calculate homology
(for example used on its default settings) (Devereux et al
(1984) Nucleic Acids Research 12, 387-395). The PILEUP
and BLAST algorithms can be used to calculate homology or
line up sequences (such as identifying equivalent or corre-
sponding sequences (typically on their default settings), for
example as described in Altschul (1993) J Mol Evol 36, 290-
300; Altschul, et al. (1990) J Mol Biol 215, 403-10.

Software for performing BLAST analyses is publicly
available through the National Center for Biotechnology
Information (http://www.ncbi.nlm.nih.gov/). This algorithm
involves first identifying high scoring sequence pair (HSPs)
by identitying short words of length W in the query sequence
that either match or satisfy some positive-valued threshold
score T when aligned with a word of the same length in a
database sequence. T is referred to as the neighbourhood
word score threshold (Altschul et al, supra). These initial
neighbourhood word hits act as seeds for initiating searches to
find HSPs containing them. The word hits are extended in
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both directions along each sequence for as far as the cumu-
lative alignment score can be increased. Extensions for the
word hits in each direction are halted when: the cumulative
alignment score falls off by the quantity X from its maximum
achieved value; the cumulative score goes to zero or below,
due to the accumulation of one or more negative-scoring
residue alignments; or the end of either sequence is reached.
The BLAST algorithm parameters W, T and X determine the
sensitivity and speed of the alignment. The BLAST program
uses as defaults a word length (W) of 11, the BLOSUMG62
scoring matrix (see Henikoff and Henikoff (1992) Proc. Natl.
Acad. Sci. USA 89, 10915-10919) alignments (B) of 50,
expectation (E) of 10, M=5, N=4, and a comparison of both
strands.

The BLAST algorithm performs a statistical analysis of the
similarity between two sequences; see e.g., Karlin and Alts-
chul (1993) Proc. Natl. Acad. Sci. USA 90, 5873-5787. One
measure of similarity provided by the BLAST algorithm is
the smallest sum probability (P(N)), which provides an indi-
cation of the probability by which a match between two
polynucleotide or amino acid sequences would occur by
chance. For example, a sequence is considered similar to
another sequence if the smallest sum probability in compari-
son of the first sequence to the second sequence is less than
about 1, preferably less than about 0.1, more preferably less
than about 0.01, and most preferably less than about 0.001.

The variant sequences typically differ by atleast 1,2, 5, 10,
20, 30, 50 or more mutations (which can be substitutions,
deletions or insertions of amino acids). For example, from 1
to 50, 2 to 30, 3 to 20 or 5 to 10 amino acid substitutions,
deletions or insertions can be made. The modified polypep-
tide generally retains RANKL binding. The substitutions are
preferably conservative substitutions, for example according
to the following Table. Amino acids in the same block in the
second column and preferably in the same line in the third
column may be substituted for each other:

ALIPHATIC GAP
ILV
CSTM
NQ
DE
KR
HFWY

Non-polar
Polar - uncharged
Polar - charged

AROMATIC

The fragment of the TSG-6 polypeptide used in the inven-
tion retains the function of TSG-6. The fragment polypep-
tides therefore inhibit bone resorption by osteoclasts. The
fragment polypeptides bind to RANKL.

The fragment polypeptides typically also bind to HA,
chondroitin-4-sulphate, aggrecan, inter-a-inhibitor (Ial),
bikunin, versican, dermatan sulphate, pentraxin-3, thrombo-
spondin-1, heparin/heparan sulphate and/or fibronectin. The
fragment polypeptides can also have anti-inflammatory and/
or chondroprotective effects.

The binding activity of the fragment polypeptides can be
modified to produce different effects in a subject treated in
accordance with the invention. For instance, a fragment
polypeptide that is unable to bind inter-a-inhibitor (Ial) may
not produce anti-inflammatory eftects in the subject. Alterna-
tively, a fragment polypeptide that is unable to bind to HA
may not produce chondroprotective effects in the subject.

The fragment of the TSG-6 polypeptide used in the inven-
tion is typically at least 10, for example at least 15, 20, 25, 30,
40, 50, 60, 70, 80, 90 or more amino acids in length, up to 100,
150, 200 or 250 amino acids in length, as long as it retains the
RANKL binding activity of TSG-6. Preferably, the fragment
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of the TSG-6 polypeptide includes the sequence shown in
SEQIDNO: 7. Fragments of the amino acid sequence of SEQ
IDNO: 2, SEQIDNO: 3, SEQIDNO: 5, SEQIDNO: 6, SEQ
ID NO: 7 or SEQ ID NO: 9 preferably contain the residues
shown to be essential for hyaluronan binding in Mahoney et
al. (2001) J. Biol. Chem. 276,22764-22771 and Blundell etal.
(2003) J. Biol. Chem. 278, 49261-49270. Fragments of the
amino acid sequence of SEQ ID NO: 2 or 5 preferably contain
the residues Lys-46 and/or Tyr-47 and/or Tyr-94 and/or Phe-
105 and/or Tyr-113 of SEQ ID NO: 2 or 5. Most preferably,
the fragment of SEQ ID NO: 2 or 5 contains each of residues
Lys-46, Tyr-47, Tyr-94, Phe-105 and Tyr-113 of SEQ ID NO:
2orS5.

Fragments of the amino acid sequence of SEQ ID NO: 7
preferably contain the residues Lys-10 and/or Tyr-11 and/or
Tyr-58 and/or Phe-69 and/or Tyr-77 of SEQ ID NO: 7. Most
preferably, the fragment of SEQ ID NO: 7 contains each of
residues Lys-10, Tyr-11, Tyr-58, Phe-69 and Tyr-77 of SEQ
IDNO: 7.

Fragments of the amino acid sequence of SEQ ID NO: 9
preferably contain the residues Lys-12 and/or Tyr-13 and/or
Tyr-60 and/or Phe-71 and/or Tyr-79 of SEQ ID NO: 9. Most
preferably, the fragment of SEQ ID NO: 9 contains each of
residues Lys-12, Tyr-13, Tyr-60, Phe-71 and Tyr-79 of SEQ
IDNO: 9.

A preferred fragment for use in the invention is residues
36-133 of SEQ ID NO: 1.

The TSG-6 polypeptides used in the invention may be
chemically modified, e.g. post-translationally modified. For
example, they may be glycosylated, phosphorylated or com-
prise modified amino acid residues. They may be modified by
the addition of histidine residues to assist their purification or
by the addition of a signal sequence to promote insertion into
the cell membrane. Such modified polypeptides fall within
the scope of the term “polypeptide” used herein.

The RANKL binding activity can be determined by means
of'a suitable assay. For example, the RANKL binding activity
of'a TSG-6 polypeptide can be determined using the method
described in the Examples. Suitable assays for determining
the ability of'a TSG-6 polypeptide to bind to HA, chondroitin-
4-sulphate, aggrecan, inter-a-inhibitor (Ial), bikunin, versi-
can, dermatan sulphate, pentraxin-3, thrombospondin-1, hep-
arin‘heparan sulphate and fibronectin are well-known in the
art (Getting et al. (2002) J. Biol. Chem. 277, 51068-51076;
Mahoney et al. (2005) J. Biol. Chem. 280, 27044-27055;
Salustri et al. (2004) Development 131, 1577-1586; Parkar et
al. (1997) FEBS Lett. 410,413-417; Parkaretal. (1998) FEBS
Lett. 428, 171-176; Mahoney et al. (2001) J. Biol. Chem. 276,
22764-22771; Nentwich et al. (2002) J. Biol. Chem. 277,
15354-15362; and Kuznetsova et al. (2005) J. Biol. Chem.
280, 30899-30908).

The TSG-6 polypeptides for use in accordance with the
invention display the ability to inhibit bone resorption by
osteoclasts. The osteoclast inhibitory activity can be deter-
mined by means of a suitable assay. For example, the osteo-
clast inhibitory activity of a TSG-6 polypeptide can be deter-
mined using any of the methods described in the Example
below.

TSG-6 polypeptides for use in the invention may be in a
substantially isolated form. It will be understood that the
polypeptide may be mixed with carriers or diluents which will
notinterfere with the intended purpose of the polypeptide and
still be regarded as substantially isolated. A polypeptide for
use in the invention may also be in a substantially purified
form, in which case it will generally comprise the polypeptide
in a preparation in which more than 50%, e.g. more than 80%,
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10
90%, 95% or 99%, by weight of the polypeptide in the prepa-
ration is a polypeptide of the invention.

TSG-6 polypeptides for use in the present invention may be
natural polypeptides. Polypeptides may be isolated from any
suitable organism that expresses a TSG-6 polypeptide. The
TSG-6 polypeptide may be isolated from a human or another
suitable mammal, such as primates, rats or mice. Polypep-
tides for use in the invention may also be prepared as frag-
ments of such isolated polypeptides.

Further, the TSG-6 polypeptides may also be made syn-
thetically or by recombinant means. For example, a recom-
binant TSG-6 polypeptide may be produced by transfecting
cells in culture with an expression vector comprising a nucle-
otide sequence encoding the polypeptide operably linked to
suitable control sequences, culturing the cells, extracting and
puritying the TSG-6 polypeptide produced by the cells.
Methods for the recombinant production of polypeptides are
well-known in the art (for example, Sambrook et al., 2001,
Molecular Cloning: a laboratory manual, 3 edition, Cold
Harbour Laboratory Press).

The amino acid sequence of TSG-6 polypeptides for use in
the invention may be modified to include non-naturally
occurring amino acids or to increase the stability of the com-
pound. When the polypeptides are produced by synthetic
means, such amino acids may be introduced during produc-
tion. The polypeptides may also be modified following either
synthetic or recombinant production.

TSG-6 polypeptides for use in the invention may also be
produced using D-amino acids. In such cases the amino acids
will be linked in reverse sequence in the C to N orientation.
This is conventional in the art for producing such polypep-
tides.

A number of side chain modifications are known in the art
and may be made to the side chains of the TSG-6 polypep-
tides, provided that the polypeptides retain osteoclast inhibi-
tory activity.

TSG-6 Polynucleotides

In accordance with the invention, a polynucleotide encod-
ing a TSG-6 polypeptide, variant or fragment is used to treat
or prevent a disease or condition associated with bone resorp-
tion by osteoclasts. In particular the polynucleotide prefer-
ably comprises or consists of: (a) the coding sequence of SEQ
ID NO: 1, 4, 8 or 12; (b) a sequence which is degenerate as a
result of the genetic code to the sequence as defined in (a); (¢)
a sequence having at least 60% identity to a sequence as
defined in (a) or (b) and which encodes a polypeptide having
RANKL binding activity; or (d) a fragment of any one of the
sequences as defined in (a), (b) or (c) which encodes a
polypeptide having RANKL binding activity. The polynucle-
otide preferably comprises or consists of: (a) the coding
sequence of SEQ ID NO: 1, 4, 8 or 12; (b) a sequence which
is degenerate as a result of the genetic code to the sequence as
defined in (a); (¢) a sequence having at least 60% identity to a
sequence as defined in (a) or (b) and which encodes a
polypeptide having the ability to inhibit bone resorption by
osteoclasts; or (d) a fragment of any one of the sequences as
defined in (a), (b) or (c) which encodes a polypeptide having
the ability to inhibit bone resorption by osteoclasts.

Typically the TSG-6 polynucleotide is DNA. However, the
polynucleotide may be a RNA polynucleotide. The poly-
nucleotide may be single or double stranded, and may include
within it synthetic or modified nucleotides.

A polynucleotide of the invention can typically hybridize
to the coding sequence or the complement of the coding
sequence of SEQ ID NO: 1, 4, 8 or 12 at a level significantly
above background. Background hybridization may occur, for
example, because of other DNAs present in a DNA library.
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The signal level generated by the interaction between a poly-
nucleotide of the invention and the coding sequence or
complement of the coding sequence of SEQ ID NO: 1, 4, 8 or
12 is typically at least 10 fold, preferably at least 100 fold, as
intense as interactions between other polynucleotides and the
coding sequence of SEQIDNO: 1,4, 8 or 12. The intensity of
interaction may be measured, for example, by radiolabelling
the probe, e.g. with >*P. Selective hybridisation is typically
achieved using conditions of medium to high stringency.
However, such hybridisation can be carried out under any
suitable conditions known in the art (see Sambrook et al.,
2001, Molecular Cloning: a laboratory manual, 3" edition,
Cold Harbour Laboratory Press). For example, if high strin-
gency is required suitable conditions include from 0.1 to
0.2xSSC at 60° C. up to 65° C. Iflower stringency is required
suitable conditions include 2xSSC at 60° C.

The coding sequence of SEQ ID NO: 1, 4, 8 or 12 can be
modified by nucleotide substitutions, for example from 1, 2 or
310 10, 25, 50, 100, 150 or 200 substitutions. The polynucle-
otide of SEQ ID NO: 1, 4, 8 or 12 can alternatively or addi-
tionally be modified by one or more insertions and/or dele-
tions and/or by an extension at either or both ends. Additional
sequences such as signal sequences may also be included.
The modified polynucleotide encodes a polypeptide which
has the ability to inhibit bone resorption by osteoclasts. The
modified polynucleotide encodes a polypeptide which has
RANKL binding activity. The modified polynucleotide can
encode any of the variants or fragments discussed above.
Degenerate substitutions can be made and/or substitutions
can be made which would result in a conservative amino acid
substitution when the modified sequence is translated, for
example as shown in the Table above.

A nucleotide sequence which is capable of selectively
hybridizing to the complement of the DNA coding sequence
of SEQID NO: 1, 4, 8 or 12 will generally have at least 60%,
at least 70%, at least 80%, at least 90%, at least 95%, at least
98% or at least 99% sequence identity to the coding sequence
of SEQ ID NO: 1, 4, 8 or 12 over a region of at least 20,
preferably atleast 30, for instance at least 40, at least 60, more
preferably at least 100 contiguous nucleotides or most pref-
erably over the full length of SEQ ID NO: 1, 4,8 or 12 or the
length of SEQ ID NO: 1, 4, 8 or 12 encoding a polypeptide
having the sequence shown in SEQ ID NO: 2, 5, 9 or 13.
Sequence identity can be determined by any suitable method,
for example as described above.

Any combination of the above mentioned degrees of
sequence identity and minimum sizes can be used to define
polynucleotides of the invention, with the more stringent
combinations (i.e. higher sequence identity over longer
lengths) being preferred. Thus, for example a polynucleotide
which has at least 90% sequence identity over 20, preferably
over 30 nucleotides forms one aspect of the invention, as does
a polynucleotide which has at least 95% sequence identity
over 40 nucleotides.

Polynucleotide fragments will preferably be at least 10,
preferably at least 15 or at least 20, for example at least 25, at
least 30 or at least 40 nucleotides in length. They will typi-
cally beup to 40, 50, 60, 70, 100 or 150 nucleotides in length.
Fragments can be longer than 150 nucleotidesin length, for
example up to 200, 300, 400, 500, 600, 700, 800, 900 or 1000
nucleotides in length, or even up to a few nucleotides, such as
five, ten or fifteen nucleotides, short of the coding sequence of
SEQIDNO: 1, 4,8 or 12.

Polynucleotides for use in the invention can be produced
recombinantly, synthetically, or by any means available to
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those of skill in the art. They can also be cloned by standard
techniques. The polynucleotides are typically provided in
isolated and/or purified form.

In general, short polynucleotides will be produced by syn-
thetic means, involving a stepwise manufacture of the desired
nucleic acid sequence one nucleotide at a time. Techniques
for accomplishing this using automated techniques are
readily available in the art.

Longer polynucleotides will generally be produced using
recombinant means, for example using PCR (polymerase
chain reaction) cloning techniques. This will involve making
apair of primers (e.g. of about 15-30 nucleotides) to a region
of the TSG-6 gene which it is desired to clone, bringing the
primers into contact with DNA obtained from a bacterial cell,
performing a polymerase chain reaction under conditions
which bring about amplification of the desired region, isolat-
ing the amplified fragment (e.g. by purifying the reaction
mixture on an agarose gel) and recovering the amplified
DNA. The primers may be designed to contain suitable
restriction enzyme recognition sites so that the amplified
DNA can be cloned into a suitable cloning vector.

Such techniques may be used to obtain all or part of the
TSG-6 gene sequence described herein. Although in general
the techniques mentioned herein are well known in the art,
reference may be made in particular to Sambrook et al., 2001,
Molecular Cloning: a laboratory manual, 3 edition, Cold
Harbour Laboratory Press.

TSG-6 polynucleotides as described herein have utility in
production of the polypeptides for use in the present inven-
tion, which may take place in vitro, in vivo or ex vivo. The
polynucleotides can be used as therapeutic agents in their own
right or can be involved in recombinant protein synthesis.

The polynucleotides for use in the invention are typically
incorporated into a recombinant replicable vector. The vector
may be used to replicate the nucleic acid in a compatible host
cell. Therefore, polynucleotides for use in the invention can
be made by introducing a TSG-6 polynucleotide into a repli-
cable vector, introducing the vector into a compatible host
cell and growing the host cell under conditions which bring
about replication of the vector.

Preferably the vector is an expression vector comprising a
nucleic acid sequence that encodes a TSG-6 polypeptide.
Such expression vectors are routinely constructed in the art of
molecular biology and may for example involve the use of
plasmid DNA and appropriate initiators, promoters, enhanc-
ers and other elements, such as for example polydenylation
signals, which may be necessary and which are positioned in
the correct orientation in order to allow for protein expres-
sion. Other suitable vectors would be apparent to persons
skilled in the art. By way of further example in this regard we
refer to Sambrook et al., 2001, Molecular Cloning: a labora-
tory manual, 3" edition, Cold Harbour Laboratory Press.

Preferably, a polynucleotide for use in the invention in a
vector is operably linked to a control sequence which is
capable of providing for the expression of the coding
sequence by the host cell, i.e. the vector is an expression
vector. The term “operably linked” refers to a juxtaposition
wherein the components described are in a relationship per-
mitting them to function in their intended manner. A regula-
tory sequence, such as a promoter, “operably linked” to a
coding sequence is positioned in such a way that expression
of'the coding sequence is achieved under conditions compat-
ible with the regulatory sequence.

The vectors can be for example, plasmid, virus or phage
vectors provided with a origin of replication, optionally a
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promoter for the expression of the said polynucleotide and
optionally a regulator of the promoter. The vector is typically
adapted to be used in vivo.

Promoters and other expression regulation signals can be
selected to be compatible with the host cell for which expres-
sion is designed. Mammalian promoters, such as [3-actin pro-
moters, may be used. Tissue-specific promoters are especially
preferred. Viral promoters may also be used, for example the
Moloney murine leukaemia virus long terminal repeat
(MMLYV LTR), the rous sarcoma virus (RSV) LTR promoter,
the SV40 promoter, the human cytomegalovirus (CMV) IE
promoter, adenovirus, HSV promoters (such as the HSV IE
promoters), or HPV promoters, particularly the HPV
upstream regulatory region (URR). Viral promoters are
readily available in the art.

The vector can further include sequences flanking the poly-
nucleotide giving rise to polynucleotides which comprise
sequences homologous to eukaryotic genomic sequences,
preferably mammalian genomic sequences. This will allow
the introduction of the polynucleotides of the invention into
the genome of eukaryotic cells by homologous recombina-
tion. In particular, a plasmid vector comprising the expression
cassette flanked by viral sequences can be used to prepare a
viral vector suitable for delivering the polynucleotides of the
invention to a mammalian cell. Other examples of suitable
viral vectors include herpes simplex viral vectors and retro-
viruses, including lentiviruses, adenoviruses, adeno-associ-
ated viruses and HPV viruses. Gene transfer techniques using
these viruses are known to those skilled in the art. Retrovirus
vectors for example may be used to stably integrate the poly-
nucleotide giving rise to the polynucleotide into the host
genome. Replication-defective adenovirus vectors by con-
trast remain episomal and therefore allow transient expres-
sion.

OPG Polypeptides

In a preferred embodiment of the invention, an OPG
polypeptide is administered in combination with TSG-6 to
treat or prevent a disease or condition associated with bone
resorption by osteoclasts. The OPG polypeptide is preferably
human OPG, or a variant or fragment of human OPG which
retains RANKL binding activity. The OPG polypeptide has
the ability to inhibit bone resorption by osteoclasts. The vari-
ant can be an OPG polypeptide from another organism, such
as a primate, a mouse or a rat.

The OPG polypeptide preferably comprises:

(a) the amino acid sequence of SEQ ID NO: 15;

(b) a variant thereof having at least 50% identity to the
amino acid sequence of SEQ ID NO: 15 and having receptor
activator of RANKL binding activity; or

(d) a fragment of either (a) or (b) having RANKI. binding
activity.

Preferably, the OPG polypeptide comprises, or consists of,
the sequence of SEQ ID NO: 15.

Typically, polypeptides with more than about 50%, 55% or
65% identity, preferably at least 70%, at least 80%, at least
90% and particularly preferably at least 95%, at least 97% or
atleast 99% identity, with the amino acid sequence of SEQ ID
NO: 15 are considered variants of the OPG protein. Such
variants include allelic variants and the deletion, modification
or addition of single amino acids or groups of amino acids
within the protein sequence, as long as the peptide maintains
the basic functionality of OPG. The identity of variants of
SEQID NO: 15 can be measured over various regions of SEQ
ID NO: 15 as discussed above for TSG-6. The variant
sequences typically differ from SEQ ID NO: 15 by one or
more mutations as discussed above for TSG-6.
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The fragment of the OPG polypeptide used in the invention
retains the function of OPG. The fragment polypeptides
therefore inhibit bone resorption by osteoclasts. The fragment
polypeptides bind to RANKL.

The binding activity of the fragment polypeptides can be
modified as discussed above for TSG-6.

The fragment of the OPG polypeptide used in the invention
is typically at least 10 amino acids in length as discussed
above for TSG-6.

The OPG polypeptides used in the invention may be
chemically modified as discussed above for TSG-6.

The RANKL binding activity and the osteoclast inhibitory
activity of the OPG polypeptide can be determined as dis-
cussed above for TSG-6.

OPG polypeptides for use in the invention may be in a
substantially isolated form as discussed above for TSG-6.
They may be natural polypeptides or be made synthetically or
by recombinant means as discussed above for TSG-6.

The amino acid sequence of OPG polypeptides for use in
the invention may be modified as discussed above for TSG-6.
OPG Polynucleotides

In a preferred embodiment of the invention, a polynucle-
otide encoding an OPG polypeptide, variant or fragment is
administered in combination with TSG-6 to treat or prevent a
disease or condition associated with bone resorption by
osteoclasts. In particular the polynucleotide preferably com-
prises or consists of: (a) the coding sequence of SEQ ID NO:
14; (b) a sequence which is degenerate as a result of the
genetic code to the sequence as defined in (a); (¢) a sequence
having at least 60% identity to a sequence as defined in (a) or
(b) and which encodes a polypeptide having RANKL binding
activity; or (d) a fragment of any one of the sequences as
defined in (a), (b) or (c) which encodes a polypeptide having
RANKIL binding activity. The polynucleotide preferably
comprises or consists of: (a) the coding sequence of SEQ ID
NO: 14; (b) a sequence which is degenerate as a result of the
genetic code to the sequence as defined in (a); (¢) a sequence
having at least 60% identity to a sequence as defined in (a) or
(b) and which encodes a polypeptide having the ability to
inhibit bone resorption by osteoclasts; or (d) a fragment of
any one of the sequences as defined in (a), (b) or (¢) which
encodes a polypeptide having the ability to inhibit bone
resorption by osteoclasts.

Typically the OPG polynucleotide is DNA. However, the
polynucleotide may be a RNA polynucleotide. The poly-
nucleotide may be single or double stranded, and may include
within it synthetic or modified nucleotides.

An OPG polynucleotide can typically hybridize to the cod-
ing sequence or the complement of the coding sequence of
SEQ ID NO: 14 as discussed above for TSG-6. The coding
sequence of SEQ ID NO: 14 can be modified as discussed
above for TSG-6.

A nucleotide sequence which is capable of selectively
hybridizing to the complement of the DNA coding sequence
of SEQ ID NO: 14 will generally have at least 60% identity to
the coding sequence of SEQ ID NO: 14 over a region of at
least 20 contiguous nucleotides or most preferably over the
full length of SEQ ID NO: 14 or the length of SEQ ID NO: 14
encoding a polypeptide having the sequence shown in SEQ
ID NO: 15 as discussed above for TSG-6.

Polynucleotide fragments will preferably be at least 10
nucleotides in length as discussed above for TSG-6.

OPG polynucleotides for use in the invention can be pro-
duced by any means discussed above for TSG-6. They can
also beused to produce OPD polypeptides as discussed above
for TSG-6.
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OPG Mimetics

In a preferred embodiment of the invention, an OPG
mimetic is administered in combination with TSG-6 to treat
orprevent a disease or condition associated with bone resorp-
tion by osteoclasts. An OPG mimetic is a factor that inhibits
bone resorption by osteoclasts by binding to and inhibiting
RANKL.

The OPG mimetic can be a polypeptide, such as an anti-
body. The OPG mimetic is preferably AMG-162, which is
Amgen’s monoclonal antibody that binds to and inhbits
RANKL. Alternatively, the OPG mimetic can be a polynucle-
otide which encodes a polypeptide that inhibits bone resorp-
tion by osteoclasts by binding to and inhibiting RANKL..
Diseases and Conditions

In accordance with the invention, the TSG-6 polypeptide,
or polynucleotide, is used to treat or prevent diseases or
conditions associated with bone resorption by osteoclasts.
Bone resorption by osteoclasts is the breakdown of bone
matrix and mineral by osteoclasts cells. A disease or condi-
tion associated with bone resorption by osteoclasts is a dis-
ease or condition in which the rate of bone resorption by
osteoclasts is abnormal. A disease or condition associated
with bone resorption by osteoclasts is a disease or condition in
which osteoclasts resorb (break down) bone at a greater rate
than the rate of bone resorption (break down) observed in
comparable subjects in the absence of the disease or condi-
tion. The disease or condition involves an increase in the rate
of bone resorption by osteoclasts.

The disease or condition can involve a rate of bone resorp-
tion that is greater than the rate of bone formation in the same
subject. The disease or condition can therefore involve a net
bone loss. Alternatively, the disease or condition can involve
arate of bone resorption that is the same as or less than the rate
of' bone formation in the same subject. The disease or condi-
tion can involve no net bone loss. The disease or condition can
involve net bone gain. The disease or condition can involve a
slower rate of net bone gain compared with the rate of net
bone gain observed in comparable subjects without the dis-
ease or condition.

The disease or condition is preferably osteoarthritis,
osteoporosis, bone cancer, a bone lesion associated with
metastatic cancer, Paget’s disease, Gorham Stout disease,
primary hyperparathyroidism, periodontal disease, a bone
fracture and/or aseptic loosening of joint replacements. The
bone cancer can be Ewing sarcoma, multiple myeloma,
osteosarcoma (giant tumour of the bone) and/or osteoclas-
toma. The metastatic cancer that results in a bone lesion can
be breast cancer, prostate cancer, kidney cancer, lung cancer
and/or adult T-cell leukemia.

The subject is typically a mammalian subject, such as a
mouse, rat or primate (e.g. a marmoset or monkey). The
subject can be human or a non-human animal. Where the
subject is a laboratory animal such as a mouse, rat or primate,
the animal can be treated to induce a disease or condition
associated with bone resorption by osteoclasts. The following
Table summarizes whether an animal model for a disease or
condition associated with bone resorption by osteoclasts
exists or how a disease or condition associated with bone
resorption by osteoclasts can be induced in an animal model.

Disease or condition Model/Induction

Osteoarthritis Partial lateral meniscectomy in the knees of
rabbits/mice or STR/ort mouse model
Ovariectomization of rodents such as rats
Injection of primary tumor cells into immune-

deficient mice e.g. NOD or SCID

Osteoporosis
Ewing sarcoma
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-continued

Disease or condition Model/Induction

52TMM mouse model

Injection of TE-85 osteosarcoma cell line into
tibia of athymic mice

Implantation of mouse cancer cells 4T1/luc
at the mammary fat pad, or injection of
MDA-MB-231 human breast cancer cell line
into nude mice

Multiple myeloma
Osteosarcoma

Breast cancer

Kidney Injection of RBM1 renal cancer cell line

into nude mice
Lung Injection of POS-1 cell line into C3H/He mice
Prostate Injection of 22Rv1 prostate cancer cells into

SCID mice

HTLV-1 Tax transgenic mouse model
PTH-targeted over-expression of cyclin D1 in
transgenic mice

Naturally occurring beagle dog model of
periodontitis

Wistar rat model of femoral fracture
Weight-bearing rat pin model

Adult T-cell leukaemia
Primary
hyperparathyroidism
Periodontal diseases

Bone fracture
Aseptic loosening of
joint replacements

Therapy and Prophylaxis

The present invention provides the use of TSG-6 polypep-
tides and polynucleotides to treat or prevent a disease or
condition associated with bone resorption by osteoclasts.
Treatment can be therapeutic or prophylactic.

The TSG-6 polypeptide or polynucleotide can be admin-
istered to an individual in order to prevent the onset of one or
more symptoms of the disease or condition. In this embodi-
ment, the subject can be asymptomatic. The subject can have
a genetic predisposition to the disease. A prophylactically
effective amount of the polypeptide or polynucleotide is
administered to such an individual. A prophylactically effec-
tive amount is an amount which prevents the onset of one or
more symptoms of a disease or condition.

A therapeutically effective amount of the TSG-6 polypep-
tide or polynucleotide is an amount effective to ameliorate
one or more symptoms of a disease or condition. Preferably,
the individual to be treated is human.

The TSG-6 polypeptide or polynucleotide can be admin-
istered to the subject by any suitable means. The polypeptide
or polynucleotide can be administered by enteral or
parenteral routes such as via oral, buccal, anal, pulmonary,
intravenous, intra-arterial, intramuscular, intraperitoneal,
intraarticular, topical or other appropriate administration
routes.

The TSG-6 polypeptide or polynucleotide may be admin-
istered to the subject in such a way as to target therapy to a
particular site. For example, the TSG-6 polypeptide may be
injected locally onto the surface of bone. The TSG-6 polypep-
tide may be conjugated with reagents that bind bone or osteo-
clasts specifically. For TSG-6 polynucleotides, expression
vectors encoding the TSG-6 polypeptide may be used to
direct expression of TSG-6 to a particular tissue, for example
by using tissue-specific promoters or RNA.

The formulation of any of the polypeptides and polynucle-
otides mentioned herein will depend upon factors such as the
nature of the polypeptide or polynucleotide and the condition
to be treated. The polypeptide or polynucleotide may be
administered in a variety of dosage forms. It may be admin-
istered orally (e.g. as tablets, troches, lozenges, aqueous or
oily suspensions, dispersible powders or granules), parenter-
ally, subcutaneously, intravenously, intramuscularly,
intrasternally, transdermally or by infusion techniques. The
polypeptide or polynucleotide may also be administered as
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suppositories. A physician will be able to determine the
required route of administration for each particular patient.

Typically the polypeptide or polynucleotide is formulated
for use with a pharmaceutically acceptable carrier or diluent
and this may be carried out using routine methods in the
pharmaceutical art. The pharmaceutical carrier or diluent
may be, for example, an isotonic solution. For example, solid
oral forms may contain, together with the active compound,
diluents, e.g. lactose, dextrose, saccharose, cellulose, corn
starch or potato starch; lubricants, e.g. silica, talc, stearic acid,
magnesium or calcium stearate, and/or polyethylene glycols;
binding agents; e.g. starches, arabic gums, gelatin, methyl-
cellulose, carboxymethylcellulose or polyvinyl pyrrolidone;
disaggregating agents, e.g. starch, alginic acid, alginates or
sodium starch glycolate; effervescing mixtures; dyestuffs;
sweeteners; wetting agents, such as lecithin, polysorbates,
laurylsulphates; and, in general, non-toxic and pharmacologi-
cally inactive substances used in pharmaceutical formula-
tions. Such pharmaceutical preparations may be manufac-
tured in known manner, for example, by means of mixing,
granulating, tabletting, sugar-coating, or film coating pro-
cesses.

Liquid dispersions for oral administration may be syrups,
emulsions and suspensions. The syrups may contain as car-
riers, for example, saccharose or saccharose with glycerine
and/or mannitol and/or sorbitol.

Suspensions and emulsions may contain as carrier, for
example a natural gum, agar, sodium alginate, pectin, meth-
ylcellulose, carboxymethylcellulose, or polyvinyl alcohol.
The suspensions or solutions for intramuscular injections
may contain, together with the active compound, a pharma-
ceutically acceptable carrier, e.g. sterile water, olive oil, ethyl
oleate, glycols, e.g. propylene glycol, and if desired, a suit-
able amount of lidocaine hydrochloride.

Solutions for intravenous or infusions may contain as car-
rier, for example, sterile water or preferably they may be in the
form of sterile, aqueous, isotonic saline solutions.

For suppositories, traditional binders and carriers may
include, for example, polyalkylene glycols or triglycerides;
such suppositories may be formed from mixtures containing
the active ingredient in the range of 0.5% to 10%, preferably
1% to 2%.

Oral formulations include such normally employed excipi-
ents as, for example, pharmaceutical grades of mannitol, lac-
tose, starch, magnesium stearate, sodium saccharine, cellu-
lose, magnesium carbonate, and the like. These compositions
take the form of solutions, suspensions, tablets, pills, cap-
sules, sustained release formulations or powders and contain
10% to 95% of active ingredient, preferably 25% to 70%.
Where the pharmaceutical composition is lyophilised, the
lyophilised material may be reconstituted prior to adminis-
tration, e.g. a suspension. Reconstitution is preferably
effected in buffer.

Capsules, tablets and pills for oral administration to a
patient may be provided with an enteric coating comprising,
for example, Eudragit “S”, Eudragit “L”, cellulose acetate,
cellulose acetate phthalate or hydroxypropylmethyl cellu-
lose.

Pharmaceutical compositions suitable for delivery by
needleless injection, for example, transdermally, may also be
used.

A therapeutically effective amount of polypeptide or poly-
nucleotide is administered. The dose may be determined
according to various parameters, especially according to the
polypeptide or polynucleotide used; the age, weight and con-
dition of the patient to be treated; the route of administration;
and the required regimen. Again, a physician will be able to
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determine the required route of administration and dosage for
any particular patient. A typical daily dose is from about 0.1
to 50 mg per kg, preferably from about 0.1 mg/kg to 10 mg/kg
ot body weight, according to the activity of the specific inhibi-
tor, the age, weight and conditions of the subject to be treated,
the type and severity of the disease and the frequency and
route of administration. Preferably, daily dosage levels are
from S mgto 2 g.

The TSG-6 nucleotide sequences described above and
expression vectors containing such sequences can also be
used as pharmaceutical formulations as outlined above. Pref-
erably, the nucleic acid, such as RNA or DNA, in particular
DNA, is provided in the form of an expression vector, which
may be expressed in the cells of the individual to be treated.
The vaccines may comprise naked nucleotide sequences or be
in combination with cationic lipids, polymers or targeting
systems. The vaccines may be delivered by any available
technique. For example, the nucleic acid may be introduced
by needle injection, preferably intradermally, subcutaneously
or intramuscularly. Alternatively, the nucleic acid may be
delivered directly across the skin using a nucleic acid delivery
device such as particle-mediated gene delivery. The nucleic
acid may be administered topically to the skin, or to mucosal
surfaces for example by intranasal, oral, intravaginal or
intrarectal administration.

Uptake of nucleic acid constructs may be enhanced by
several known transfection techniques, for example those
including the use of transfection agents. Examples of these
agents includes cationic agents, for example, calcium phos-
phate and DEAE-Dextran and lipofectants, for example, lipo-
fectam and transfectam. The dosage of the nucleic acid to be
administered can be altered. Typically the nucleic acid is
administered in the range of 1 pg to 1 mg, preferably to 1 pg
to 10 ng nucleic acid for particle mediated gene delivery and
10 pg to 1 mg for other routes.

The present invention also provides a method of treating,
ex vivo, blood taken from a patient suffering from a disease or
condition associated with bone resorption by osteoclasts
comprising contacting the blood with a TSG-6 polypeptide.
TSG-6 may thus be used for extracorporeal treatment of
blood. The TSG-6 may be used to treat one or more compo-
nents of blood, such as plasma or serum. The ex vivo method
described herein may be practised on blood that has already
been removed from the body of a patient. The blood or blood
product may optionally be returned to the patient after being
contacted with a TSG-6 polypeptide.

Combination Therapy

The TSG-6 polypeptide or polynucleotide can be admin-
istered alone or in combination with other pharmaceutically
active agents. In one embodiment, the TSG-6 polypeptide or
polynucleotide is not administered in combination with long
petraxin 3 (PTX3). In the same embodiment, the medicament
manufactured in accordance with the invention does not com-
prise PTX3.

In a preferred embodiment, the method further comprises
administering to the subject a therapeutically or prophylacti-
cally effective amount of an OPG polypeptide, a polynucle-
otide encoding an OPG polypeptide or an OPG mimetic. In
the same embodiment, the medicament is administered in
combination with a therapeutically or prophylactically effec-
tive amount of an OPG polypeptide, a polynucleotide encod-
ing an OPG polypeptide or an OPG mimetic.

The TSG-6 and OPG act synergistically. In other words,
administering TSG-6 and OPG in combination has a greater
effect on inhibiting bone resorption by osteoclasts than the
sum of the effect of each alone.
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A therapeutically effective amount of the OPG polypep-
tide, polynucleotide or an OPG mimetic is an amount effec-
tive to ameliorate one or more symptoms of a disease or
condition. A prophylactically effective amount is an amount
which prevents the onset of one or more symptoms of a
disease or condition.

The TSG-6 and OPG can be administered simultaneously,
separately or sequentially. If administered simultaneously,
the TSG-6 and OPG can be present in the same medicament
or different medicaments. If administered separately or
sequentially, the TSG-6 and OPG can be administered in any
order.

Typically, a TSG-6 polypeptide and an OPG polypeptide
are administered together or a TSG-6 polynucleotide and an
OPG polynucleotide are administered together. However, in
some embodiments, the TSG-6 may be a polypeptide, while
the OPG is a polynucleotide and vice versa.

The OPG polypeptide, the OPG polynucleotide or the OPG
mimetic can be administered to the subject by any means, in
any formulation and at any dose discussed above for TSG-6.

The following Examples illustrate the invention:

EXAMPLES

The following studies show that TSG-6 is a novel inhibitor
of bone resorption.

Example 1
Inhibition of Osteoclasts by TSG-6

The Q144 allotype of the full-length human TSG-6 protein
(as shown in SEQ ID NO: 1) was expressed in Drosophila S2
cells as described in Nentwich et al. (2002) J. Biol. Chem.
277, 15354-15362. The effect of this recombinant protein on
the differentiation of osteoclasts in vitro was determined.
Human monocytes differentiated into osteoclasts and devel-
oped a bone-resorbing phenotype over a period of 21 days.
Osteoclast activity was measured by determining the extent
of lacunar resorption on dentine slices. Human monocytes
were cultured in the presence of SRANKL (soluble receptor
activator of NFkB ligand; 30 ng/ml) and/or M-CSF (25
ng/ml) and bone resorptive activity was measured in the pres-
ence or absence of recombinant TSG-6. The addition of
TSG-6 to this culture system mediated a substantial reduction
in dentine erosion (FIG. 1) and this effect is dose-dependent
(FIG. 2). TSG-6 therefore inhibits bone resorption by osteo-
clasts.

Example 2
Osteoclast Activity in TSG-6 Knockout Mice

The same experiment as in Example 1 was also carried out
using osteoclast precursors from the long bones of TSG-6~"~
mice. When cultured in the presence of sSRANKI, or M-CSF
and sRANKIL, the osteoclasts displayed markedly increased
lacunar resorption in vitro as compared to cells from wild-
type control animals (FIG. 3). These results are consistent
with the more severe symptoms (e.g. bone erosion) seen in
TSG-6-deficient animals following induction of PGIA. These
studies indicate that TSG-6 is an important, novel inhibitor of
osteoclastogenesis and/or osteoclast activation.

Example 3
TSG-6 Binding to RANKL

RANKL and its receptor RANK are key regulators of bone
remodelling and have been specifically implicated in the bone
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loss that occurs in RA. RANKL is a membrane bound TNF-
superfamily ligand that is produced by osteoblasts and other
stromal cells, while RANK, a transmembrane signalling mol-
ecule, is expressed on the surfaces of mononuclear osteoclast
precursors. RANKL binds to RANK, in response to calcio-
tropic factors such as PGE,, IL-1 and TNF, where this inter-
action not only induces osteoclast differentiation, but also
stimulates the bone resorbing activity of mature osteoclasts
(reviewed in Tanake et al. (2005) Immunol. Rev. 208, 30-49).
Indeed, RANKL (in combination with M-CSF) is the major
factor that regulates osteoclast differentiation (Quinn et al.
(1998) Endocrinology 139, 4424-4427).

At present, osteoprotegerin (OPG), a soluble decoy recep-
tor to RANKI, is the only known inhibitor of the RANKIL./
RANK interaction that can effectively inhibit osteoclast
maturation and activation in vitro (Simonet et al. (1997) Cell/
89, 309-319), and a mimic of OPG activity (AMG 162) is
currently in clinical trials for the treatment of osteoporosis.

RANKTL is also expressed on the surfaces of synovial effec-
tor T cells from RA patients and studies on rats with AIA
(which has many features in common with human RA)
showed RANKL to be the key mediator of joint damage and
bone erosion due to osteoclast accumulation, where treatment
with OPG provided protection against these effects (Kong et
al. (1999) Nature 402, 304-309).

Given the effects of TSG-6 on bone resorption described in
Examples 1 and 2 above, the interaction of TSG-6 directly
with RANKL was investigated. Recombinant full-length
TSG-6 was expressed as described in Example 1. The isolated
Link module domain (Link_TSG-6; SEQ ID NO: 9) was
expressed in E. coli as described in Day et al. (1996) Protein
Express.  Purif. 8, 1-16. The CUB_C domain
(CUB_C_TSG6; SEQIDNO: 13) was expressed in E. coli (D
J Mahoney and A J Day, unpublished). Full-length TSG-6,
Link TSG6 or CUB_C_TSG6 were coated onto microtitre
plates at a range of concentrations and the binding of
sRANKL (5 pmol/well) was determined using a RANKI.-
specific antibody.

Results of plate-binding assays indicate that full-length
TSG-6, its isolated Link module domain (Link_TSG6; SEQ
ID NO: 9) and isolated CUB_C domain (CUB_C_TSG6;
SEQ ID NO: 13) all bind to sSRANKTL but that the full-length
TSG-6 has a higher binding affinity than the isolated domains
(FIG. 4). This data suggests that TSG-6 might inhibit
RANKI -induced osteoclastogenesis/osteoclast activation by
its direct binding to RANKL, potentially in a similar manner
to OPG.

Example 4
Synergy Between TSG-6 and OPG

Our data (not shown) indicates that TSG-6 in combination
with OPG (a known inhibitor of RANKI) has a synergistic
effect on the inhibition of osteoclast formation as determined
by the number of tartrate-resistant acid phosphatase (TRAP+)
multinucleated osteoclasts formed in culture (i.e., there is
more inhibition of osteoclast formation in the presence of
both TSG-6 and OPG compared to experiments where the
individual proteins are present). One possible mechanism that
could explain the synergistic action of TSG-6 and OPG is that
boththese proteins can bind simultaneously to RANKI, form-
ing a stable ternary complex.

Example 5

Link and CUB_C_Domains of TSG-6 Inhibit
Osteoclastogenesis

Moreover, our data (not shown) also shows that the isolated
Link and CUB_C domains are inhibitors of osteoclastogen-
esis, albeit with less activity than the full-length protein. This
indicates that these fragments of TSG-6 could be used as the
basis for design of inhibitors of bone resorption.
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Levels of TSG-6 and OPG in Synovial Fluid

0-200 ng/ml) in synovial fluid of patients with various bone
disorders [e.g. osteoarthritis (OA), rheumatoid arthritis (RA),

22
gout & pyrophosphate arthropathy (PPA); see FIG. 5). ELISA
analyses of TSG-6 and OPG levels in OA synovial samples
have shown that there is more patient-to-patient variation in
the levels of TSG-6 protein compared to OPG (see FIG. 6).
This suggests that absence/low levels of TSG-6 could con-
tribute to the extent and severity of osteolytic diseases.

<160>

<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400>

SEQUENCE:

SEQ ID NO 1
LENGTH:
TYPE: DNA
ORGANISM: Homo sapiens
FEATURE:
NAME/KEY: CDS
LOCATION:

1440

NUMBER OF SEQ ID NOS:

(77) ..(910)

1

15

SEQUENCE LISTING

cagtcacatt tcagccactg ctctgagaat ttgtgagcag cccctaacag getgttactt 60

cactacaact gacgat atg atc atc tta att tac tta ttt ctc ttg cta tgg 112
Met Ile Ile Leu Ile Tyr Leu Phe Leu Leu Leu Trp

gaa
Glu

ata
Ile

gge
Gly
45

gaa
Glu

att
Ile

gga
Gly

gge
Gly

gee
Ala
125

gat
Asp

gat
Asp

att
Ile

ttyg
Leu

ttt
Phe
205

gac
Asp

tgg
Trp
30

aaa
Lys

gge
Gly

gga
Gly

tac
Tyr

att
Ile
110

tat
Tyr

cca
Pro

aac
Asn

cac
His

get
Ala
190

gtg
Val

act
Thr
15

ctt
Leu

tac
Tyr

gge
Gly

ttt
Phe

cece
Pro
95

att
Ile

tgc
Cys

aag
Lys

caa
Gln

ctyg
Leu
175

gat

Asp

gga
Gly

caa
Gln

gaa
Glu

aag
Lys

cat
His

cat
His
80

att
Ile

gat
Asp

tac
Tyr

caa
Gln

ate
Ile
160

agt

Ser

tat
Tyr

aga
Arg

1

gga
Gly

cga
Arg

cte
Leu

cte
Leu
65

gte
Val

gtg
Val

tat
Tyr

aac
Asn

att
Ile
145

tgce

Cys

ttt
Phe

gtt
Val

tac
Tyr

tgg
Trp

gca
Ala

ace
Thr
50

gca
Ala

tgt
Cys

aag
Lys

gga
Gly

cca
Pro
130

ttt
Phe

tac
Tyr

tta
Leu

gaa
Glu

tgt
Cys
210

gga
Gly

gee
Ala
35

tac
Tyr

act
Thr

get
Ala

cca
Pro

ate
Ile
115

cac
His

aaa
Lys

tgg
Trp

gat
Asp

ata
Ile
195

gga
Gly

tte
Phe
20

ggt
Gly

gca
Ala

tac
Tyr

get
Ala

999
Gly
100

cgt
Arg

gca
Ala

tct
Ser

cac
His

ttt
Phe
180

tat

Tyr

gat
Asp

5

aag
Lys

gtg
Val

gaa
Glu

aag
Lys

gga
Gly
85

cece
Pro

cte
Leu

aag
Lys

cca
Pro

att
Ile
165

gac

Asp

gac
Asp

gag
Glu

gat
Asp

tac
Tyr

get
Ala

cag
Gln
70

tgg
Trp

aac
Asn

aat
Asn

gag
Glu

gge
Gly
150

aga

Arg

ctt
Leu

agt
Ser

ctt
Leu

gga
Gly

cac
His

aag
Lys
55

cta
Leu

atg
Met

tgt
Cys

agg
Arg

tgt
Cys
135

ttc
Phe

cte
Leu

gaa
Glu

tac
Tyr

cca
Pro
215

att
Ile

aga
Arg
40

gecg
Ala

gag
Glu

get
Ala

gga
Gly

agt
Ser
120

ggt
Gly

cca
Pro

aag
Lys

gat
Asp

gat
Asp
200

gat
Asp

ttt
Phe
25

gaa
Glu

gtg
Val

gca
Ala

aag
Lys

ttt
Phe
105

gaa
Glu

gge
Gly

aat
Asn

tat
Tyr

gac
Asp
185

gat

Asp

gac
Asp

10

cat aac tcc 160
His Asn Ser

gca c¢gg tcect 208
Ala Arg Ser

tgt gaa ttt 256
Cys Glu Phe
60

gce aga aaa 304
Ala Arg Lys
75

ggc aga gtt 352
Gly Arg Val
90

gga aaa act 400
Gly Lys Thr

aga tgg gat 448
Arg Trp Asp

gtc ttt aca 496
Val Phe Thr
140

gag tac gaa 544
Glu Tyr Glu
155

ggt cag cgt 592
Gly Gln Arg
170

cca ggt tgc 640
Pro Gly Cys

gtc cat ggc 688
Val His Gly

atc atc agt 736
Ile Ile Ser
220
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24

aca gga aat
Thr Gly Asn

get gga ggt
Ala Gly Gly

tcec agt caa
Ser Ser Gln
255
ttt tta gct
Phe Leu Ala
270
aaaacacaca
aacatttatt
aatataggaa
caagcgttaa
tatatgtacc
gtattatact
caaaaacatg
ttaagcctgt
atccttgaac
<210> SEQ I

<211> LENGT.
<212> TYPE:

gtc atg acc ttg aag
Val Met Thr Leu Lys

225

ttc caa atc aaa tat
Phe Gln Ile Lys Tyr

240

gga aaa aat aca agt
Gly Lys Asn Thr Ser

260

gga aga ttt agc cac
Gly Arg Phe Ser His

gtgtttatgt
tattattttt
actttaaacg
cattttcata
tatatgtatt
ttttaaatct
attttaaaca
ctectattgtt
acaaaaaaaa
D NO 2

H: 277
PRT

275

tggaatcttt

ctaaatgtga

agaaaatgaa

tttteteett

tgcatttgaa

tgaactttat

getgtaaaat

ggaatttcag

aaaaaaaaaa

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Ile Ile
1

Gly Trp Gly
Arg Ala Ala
35

Leu Thr Tyr
50

Leu Ala Thr
65

Val Cys Ala

Val Lys Pro

Tyr Gly Ile
115

Asn Pro His
130

Ile Phe Lys
145

Cys Tyr Trp

Phe Leu Asp

Leu Ile Tyr Leu Phe

5

Phe Lys Asp Gly Ile

20

Gly Val Tyr His Arg

40

Ala Glu Ala Lys Ala

55

Tyr Lys Gln Leu Glu

70

Ala Gly Trp Met Ala

Gly Pro Asn Cys Gly

100

Arg Leu Asn Arg Ser

120

Ala Lys Glu Cys Gly

135

Ser Pro Gly Phe Pro
150

His Ile Arg Leu Lys

165

Phe Asp Leu Glu Asp

180

ttt
Phe

gtt
Val
245

act

Thr

tta
Leu

cta
Leu
230

gca
Ala

act
Thr

taa

agt gat gct tca
Ser Asp Ala Ser

atg gat cct gta
Met Asp Pro Val
250

tct act gga aat
Ser Thr Gly Asn
265

aaaaaaaaaa aagg

tggaactcct ttgatctcac

aagcaataca taatttaggg

acctctcata atcccactge

tcagtcattt ttctatttgt

attttggaat cctgctctat

aaacattttc tgaaatcatt

attctatgat atgaatgttt

gtcattttca taaatattgt

Leu

Phe

25

Glu

Val

Ala

Lys

Phe

105

Glu

Gly

Asn

Tyr

Asp
185

Leu

10

His

Ala

Cys

Ala

Gly

Gly

Arg

Val

Glu

Gly
170

Pro

Leu Trp Glu Asp

Asn Ser Ile Trp

Arg Ser Gly Lys

45

Glu Phe Glu Gly
60

Arg Lys Ile Gly
75

Arg Val Gly Tyr
Lys Thr Gly Ile
110

Trp Asp Ala Tyr
125

Phe Thr Asp Pro
140

Tyr Glu Asp Asn
155

Gln Arg Ile His

Gly Cys Leu Ala
190

gtg aca
Val Thr
235

tcec aaa

Ser Lys

aaa aac
Lys Asn

atgatc

tgttattatt
aaaattggaa
atagaaataa
ggtatatgta
gtacagtttt
gattattcta
tatgcattat

tgcaataaat

Thr Gln
15

Leu Glu

Tyr Lys

Gly His

Phe His
80

Pro Ile
95

Ile Asp

Cys Tyr

Lys Gln

Gln Ile
160

Leu Ser
175

Asp Tyr

784

832

880

930

990

1050

1110

1170

1230

1290

1350

1410

1440
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Tyr

Met

225

Gln

Lys

Arg

Glu Ile Tyr Asp Ser Tyr Asp
195 200

Cys Gly Asp Glu Leu Pro Asp
210 215

Thr Leu Lys Phe Leu Ser Asp
230

Ile Lys Tyr Val Ala Met Asp
245

Asn Thr Ser Thr Thr Ser Thr
260

Phe Ser His Leu
275

<210> SEQ ID NO 3

<211> LENGTH: 260

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Trp

1

Ala

Thr

Ala

Cys

65

Lys

Gly

Pro

Phe

Tyr

145

Leu

Glu

Cys

Thr

Ile
225

Asn

Phe

Gly Phe Lys Asp Gly Ile Phe
5

Ala Gly Val Tyr His Arg Glu
20

Tyr Ala Glu Ala Lys Ala Val
35 40

Thr Tyr Lys Gln Leu Glu Ala
50 55

Ala Ala Gly Trp Met Ala Lys
70

Pro Gly Pro Asn Cys Gly Phe
85

Ile Arg Leu Asn Arg Ser Glu
100

His Ala Lys Glu Cys Gly Gly
115 120

Lys Ser Pro Gly Phe Pro Asn
130 135

Trp His Ile Arg Leu Lys Tyr
150

Asp Phe Asp Leu Glu Asp Asp
165

Ile Tyr Asp Ser Tyr Asp Asp
180

Gly Asp Glu Leu Pro Asp Asp
195 200

Leu Lys Phe Leu Ser Asp Ala
210 215

Lys Tyr Val Ala Met Asp Pro
230

Thr Ser Thr Thr Ser Thr Gly
245

Ser His Leu
260

<210> SEQ ID NO 4

Asp

Asp

Ala

Pro

Gly
265

His

Ala

25

Cys

Ala

Gly

Gly

Arg

105

Val

Glu

Gly

Pro

Val

185

Ile

Ser

Val

Asn

Val

Ile

Ser

Val

250

Asn

Asn

10

Arg

Glu

Arg

Arg

Lys

90

Trp

Phe

Tyr

Gln

Gly

170

His

Ile

Val

Ser

Lys
250

His

Ile

Val

235

Ser

Lys

Ser

Ser

Phe

Lys

Val

75

Thr

Asp

Thr

Glu

Arg

155

Cys

Gly

Ser

Thr

Lys
235

Asn

Gly

Ser

220

Thr

Lys

Asn

Ile

Gly

Glu

Ile

Gly

Gly

Ala

Asp

Asp

140

Ile

Leu

Phe

Thr

Ala
220

Ser

Phe

Phe

205

Thr

Ala

Ser

Phe

Trp

Lys

Gly

45

Gly

Tyr

Ile

Tyr

Pro

125

Asn

His

Ala

Val

Gly

205

Gly

Ser

Leu

Val

Gly

Gly

Ser

Leu
270

Leu

Tyr

30

Gly

Phe

Pro

Ile

Cys

110

Lys

Gln

Leu

Asp

Gly

190

Asn

Gly

Gln

Ala

Gly

Asn

Gly

Gln

255

Ala

Glu

15

Lys

His

His

Ile

Asp

95

Tyr

Gln

Ile

Ser

Tyr

175

Arg

Val

Phe

Gly

Gly
255

Arg

Val

Phe

240

Gly

Gly

Arg

Leu

Leu

Val

Val

80

Tyr

Asn

Ile

Cys

Phe

160

Val

Tyr

Met

Gln

Lys
240

Arg
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<211> LENGTH: 1440

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (77)..(910)

<400> SEQUENCE: 4
cagtcacatt tcagccactg ctectgagaat ttgtgagcag cccctaacag getgttactt 60

cactacaact gacgat atg atc atc tta att tac tta ttt ctc ttg cta tgg 112
Met Ile Ile Leu Ile Tyr Leu Phe Leu Leu Leu Trp
1 5 10

gaa gac act caa gga tgg gga ttc aag gat gga att ttt cat aac tcc 160
Glu Asp Thr Gln Gly Trp Gly Phe Lys Asp Gly Ile Phe His Asn Ser
15 20 25

ata tgg ctt gaa cga gca gcc ggt gtg tac cac aga gaa gca cgg tct 208
Ile Trp Leu Glu Arg Ala Ala Gly Val Tyr His Arg Glu Ala Arg Ser
30 35 40

ggce aaa tac aag ctc acc tac gca gaa gct aag gcg gtg tgt gaa ttt 256
Gly Lys Tyr Lys Leu Thr Tyr Ala Glu Ala Lys Ala Val Cys Glu Phe

gaa ggc ggce cat ctc gca act tac aag cag cta gag gca gcc aga aaa 304
Glu Gly Gly His Leu Ala Thr Tyr Lys Gln Leu Glu Ala Ala Arg Lys
65 70 75

att gga ttt cat gtc tgt gct gct gga tgg atg gect aag ggc aga gtt 352
Ile Gly Phe His Val Cys Ala Ala Gly Trp Met Ala Lys Gly Arg Val
80 85 90

gga tac ccc att gtg aag cca ggg ccc aac tgt gga ttt gga aaa act 400
Gly Tyr Pro Ile Val Lys Pro Gly Pro Asn Cys Gly Phe Gly Lys Thr
95 100 105

ggc att att gat tat gga atc cgt ctc aat agg agt gaa aga tgg gat 448
Gly Ile Ile Asp Tyr Gly Ile Arg Leu Asn Arg Ser Glu Arg Trp Asp
110 115 120

gce tat tgce tac aac cca cac gca aag gag tgt ggt ggc gtc ttt aca 496
Ala Tyr Cys Tyr Asn Pro His Ala Lys Glu Cys Gly Gly Val Phe Thr
125 130 135 140

gat cca aag cgg att ttt aaa tct cca ggc ttc cca aat gag tac gaa 544
Asp Pro Lys Arg Ile Phe Lys Ser Pro Gly Phe Pro Asn Glu Tyr Glu
145 150 155

gat aac caa atc tgc tac tgg cac att aga ctc aag tat ggt cag cgt 592
Asp Asn Gln Ile Cys Tyr Trp His Ile Arg Leu Lys Tyr Gly Gln Arg
160 165 170

att cac ctg agt ttt tta gat ttt gac ctt gaa gat gac cca ggt tgc 640
Ile His Leu Ser Phe Leu Asp Phe Asp Leu Glu Asp Asp Pro Gly Cys
175 180 185

ttg gct gat tat gtt gaa ata tat gac agt tac gat gat gtc cat ggc 688
Leu Ala Asp Tyr Val Glu Ile Tyr Asp Ser Tyr Asp Asp Val His Gly
190 195 200

ttt gtg gga aga tac tgt gga gat gag ctt cca gat gac atc atc agt 736
Phe Val Gly Arg Tyr Cys Gly Asp Glu Leu Pro Asp Asp Ile Ile Ser
205 210 215 220

aca gga aat gtc atg acc ttg aag ttt cta agt gat gct tca gtg aca 784
Thr Gly Asn Val Met Thr Leu Lys Phe Leu Ser Asp Ala Ser Val Thr
225 230 235

gct gga ggt ttc caa atc aaa tat gtt gca atg gat cct gta tcc aaa 832
Ala Gly Gly Phe Gln Ile Lys Tyr Val Ala Met Asp Pro Val Ser Lys
240 245 250

tce agt caa gga aaa aat aca agt act act tct act gga aat aaa aac 880
Ser Ser Gln Gly Lys Asn Thr Ser Thr Thr Ser Thr Gly Asn Lys Asn
255 260 265
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-continued

30

ttt tta gct gga aga ttt agc cac tta taa aaaaaaaaaa aaggatgatc
Phe Leu Ala Gly Arg Phe Ser His Leu

270

aaaacacaca gtgtttatgt

aacatttatt tattattttt

aatataggaa actttaaacg

caagcgttaa cattttcata

tatatgtacc tatatgtatt

gtattatact ttttaaatct

caaaaacatyg attttaaaca

ttaagcctgt ctctattgtt

atccttgaac acaaaaaaaa

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 5
LENGTH: 277
TYPE: PRT

ORGANISM: Homo sapiens

SEQUENCE: 5

275

tggaatcttt

ctaaatgtga

agaaaatgaa

tttteteett

tgcatttgaa

tgaactttat

getgtaaaat

ggaatttcag

aaaaaaaaaa

Met Ile Ile Leu Ile Tyr Leu Phe

1

Gly

Arg

Leu

Leu
65

Tyr

Asn

Ile

145

Cys

Phe

Tyr
Met
225

Gln

Lys

Trp

Ala

Thr

50

Ala

Cys

Lys

Gly

Pro

130

Phe

Tyr

Leu

Glu

Cys
210
Thr

Ile

Asn

5

Gly Phe Lys Asp Gly Ile

20

Ala Gly Val Tyr His Arg

Tyr Ala Glu Ala Lys Ala

55

Thr Tyr Lys Gln Leu Glu

70

Ala Ala Gly Trp Met Ala

85

Pro Gly Pro Asn Cys Gly

100

Ile Arg Leu Asn Arg Ser

115

120

His Ala Lys Glu Cys Gly

135

Lys Ser Pro Gly Phe Pro
150

Trp His Ile Arg Leu Lys

165

Asp Phe Asp Leu Glu Asp

180

Ile Tyr Asp Ser Tyr Asp

195

200

Gly Asp Glu Leu Pro Asp

215

Leu Lys Phe Leu Ser Asp
230

Lys Tyr Val Ala Met Asp

245

Thr Ser Thr Thr Ser Thr

tggaactcct ttgatctcac

aagcaataca taatttaggg

acctctcata atcccactge

tcagtcattt ttctatttgt

attttggaat cctgctctat

aaacattttc tgaaatcatt

attctatgat atgaatgttt

gtcattttca taaatattgt

Leu

Phe

25

Glu

Val

Ala

Lys

Phe

105

Glu

Gly

Asn

Tyr

Asp

185

Asp

Asp

Ala

Pro

Gly

Leu

10

His

Ala

Cys

Ala

Gly

90

Gly

Arg

Val

Glu

Gly

170

Pro

Val

Ile

Ser

Val
250

Asn

Leu Trp

Asn Ser

Arg Ser

Glu Phe
60

Arg Lys
75

Arg Val

Lys Thr

Trp Asp

Phe Thr
140

Tyr Glu
155

Gln Arg

Gly Cys

His Gly

Ile Ser

220

Val Thr
235

Ser Lys

Lys Asn

Glu

Ile

Gly

Glu

Ile

Gly

Gly

Ala

125

Asp

Asp

Ile

Leu

Phe

205

Thr

Ala

Ser

Phe

Asp

Trp

30

Lys

Gly

Gly

Tyr

Ile

110

Tyr

Pro

Asn

His

Ala

190

Val

Gly

Gly

Ser

Leu

Thr

15

Leu

Tyr

Gly

Phe

Pro

95

Ile

Cys

Lys

Gln

Leu

175

Asp

Gly

Asn

Gly

Gln
255

Ala

tgttattatt

aaaattggaa

atagaaataa

ggtatatgta

gtacagtttt

gattattcta

tatgcattat

tgcaataaat

Gln

Glu

Lys

His

His

80

Ile

Asp

Tyr

Arg

Ile

160

Ser

Tyr

Arg

Val

Phe
240

Gly

Gly

930

990

1050

1110

1170

1230

1290

1350

1410

1440
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-continued

260 265 270

Arg Phe Ser His Leu
275

<210> SEQ ID NO 6

<211> LENGTH: 260

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Trp Gly Phe Lys Asp Gly Ile Phe His Asn Ser Ile Trp Leu Glu Arg
1 5 10 15

Ala Ala Gly Val Tyr His Arg Glu Ala Arg Ser Gly Lys Tyr Lys Leu
20 25 30

Thr Tyr Ala Glu Ala Lys Ala Val Cys Glu Phe Glu Gly Gly His Leu
35 40 45

Ala Thr Tyr Lys Gln Leu Glu Ala Ala Arg Lys Ile Gly Phe His Val
50 55 60

Cys Ala Ala Gly Trp Met Ala Lys Gly Arg Val Gly Tyr Pro Ile Val
65 70 75 80

Lys Pro Gly Pro Asn Cys Gly Phe Gly Lys Thr Gly Ile Ile Asp Tyr
85 90 95

Gly Ile Arg Leu Asn Arg Ser Glu Arg Trp Asp Ala Tyr Cys Tyr Asn
100 105 110

Pro His Ala Lys Glu Cys Gly Gly Val Phe Thr Asp Pro Lys Arg Ile
115 120 125

Phe Lys Ser Pro Gly Phe Pro Asn Glu Tyr Glu Asp Asn Gln Ile Cys
130 135 140

Tyr Trp His Ile Arg Leu Lys Tyr Gly Gln Arg Ile His Leu Ser Phe
145 150 155 160

Leu Asp Phe Asp Leu Glu Asp Asp Pro Gly Cys Leu Ala Asp Tyr Val
165 170 175

Glu Ile Tyr Asp Ser Tyr Asp Asp Val His Gly Phe Val Gly Arg Tyr
180 185 190

Cys Gly Asp Glu Leu Pro Asp Asp Ile Ile Ser Thr Gly Asn Val Met
195 200 205

Thr Leu Lys Phe Leu Ser Asp Ala Ser Val Thr Ala Gly Gly Phe Gln
210 215 220

Ile Lys Tyr Val Ala Met Asp Pro Val Ser Lys Ser Ser Gln Gly Lys
225 230 235 240

Asn Thr Ser Thr Thr Ser Thr Gly Asn Lys Asn Phe Leu Ala Gly Arg
245 250 255

Phe Ser His Leu
260

<210> SEQ ID NO 7

<211> LENGTH: 93

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

Val Tyr His Arg Glu Ala Arg Ser Gly Lys Tyr Lys Leu Thr Tyr Ala
1 5 10 15

Glu Ala Lys Ala Val Cys Glu Phe Glu Gly Gly His Leu Ala Thr Tyr
20 25 30

Lys Gln Leu Glu Ala Ala Arg Lys Ile Gly Phe His Val Cys Ala Ala
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-continued

34

35 40 45

Gly Trp Met Ala Lys Gly Arg Val Gly Tyr Pro Ile Val Lys Pro Gly
50 55 60

Pro Asn Cys Gly Phe Gly Lys Thr Gly Ile Ile Asp Tyr Gly Ile Arg
65 70 75 80

Leu Asn Arg Ser Glu Arg Trp Asp Ala Tyr Cys Tyr Asn
85 90

<210> SEQ ID NO 8

<211> LENGTH: 319

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Link TSG-6
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (14)..(313)

<400> SEQUENCE: 8

aggagatata cat atg ggt gtg tac cac cgt gaa gca cgg tct ggce aaa
Met Gly Val Tyr His Arg Glu Ala Arg Ser Gly Lys
1 5 10

tac aag ctc acc tac gca gaa gct aag gog gtg tgt gaa ttt gaa ggc
Tyr Lys Leu Thr Tyr Ala Glu Ala Lys Ala Val Cys Glu Phe Glu Gly
15 20 25

gge cat ctc geca act tac aag cag cta gag gca gcc cgt aaa att gga
Gly His Leu Ala Thr Tyr Lys Gln Leu Glu Ala Ala Arg Lys Ile Gly
30 35 40

ttt cat gtc tgt gect get gga tgg atg get aag gge cgt gtt gga tac
Phe His Val Cys Ala Ala Gly Trp Met Ala Lys Gly Arg Val Gly Tyr
45 50 55 60

cce att gtg aag cca ggg ccc aac tgt gga ttt gga aaa act ggc att
Pro Ile Val Lys Pro Gly Pro Asn Cys Gly Phe Gly Lys Thr Gly Ile
65 70 75

att gat tat gga atc cgt ctc aat agg agt gaa cgt tgg gat gcc tat
Ile Asp Tyr Gly Ile Arg Leu Asn Arg Ser Glu Arg Trp Asp Ala Tyr

tgc tac aac cca cac gca aag taa gaattce
Cys Tyr Asn Pro His Ala Lys
95

<210> SEQ ID NO 9

<211> LENGTH: 99

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Link TSG-6

<400> SEQUENCE: 9

Met Gly Val Tyr His Arg Glu Ala Arg Ser Gly Lys Tyr Lys Leu Thr
1 5 10 15

Tyr Ala Glu Ala Lys Ala Val Cys Glu Phe Glu Gly Gly His Leu Ala
20 25 30

Thr Tyr Lys Gln Leu Glu Ala Ala Arg Lys Ile Gly Phe His Val Cys
35 40 45

Ala Ala Gly Trp Met Ala Lys Gly Arg Val Gly Tyr Pro Ile Val Lys
50 55 60

Pro Gly Pro Asn Cys Gly Phe Gly Lys Thr Gly Ile Ile Asp Tyr Gly
65 70 75 80

Ile Arg Leu Asn Arg Ser Glu Arg Trp Asp Ala Tyr Cys Tyr Asn Pro
85 90 95

49

97

145

193

241

289

319
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-continued

His Ala Lys

<210> SEQ ID NO 10

<211> LENGTH: 149

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

Asn Pro His Ala Lys Glu Cys Gly Gly Val Phe Thr Asp Pro Lys Gln

Ile Phe Lys Ser Pro Gly Phe Pro Asn Glu Tyr Glu Asp Asn Gln Ile
20 25 30

Cys Tyr Trp His Ile Arg Leu Lys Tyr Gly Gln Arg Ile His Leu Ser
35 40 45

Phe Leu Asp Phe Asp Leu Glu Asp Asp Pro Gly Cys Leu Ala Asp Tyr
50 55 60

Val Glu Ile Tyr Asp Ser Tyr Asp Asp Val His Gly Phe Val Gly Arg
65 70 75 80

Tyr Cys Gly Asp Glu Leu Pro Asp Asp Ile Ile Ser Thr Gly Asn Val
85 90 95

Met Thr Leu Lys Phe Leu Ser Asp Ala Ser Val Thr Ala Gly Gly Phe
100 105 110

Gln Ile Lys Tyr Val Ala Met Asp Pro Val Ser Lys Ser Ser Gln Gly
115 120 125

Lys Asn Thr Ser Thr Thr Ser Thr Gly Asn Lys Asn Phe Leu Ala Gly
130 135 140

Arg Phe Ser His Leu
145

<210> SEQ ID NO 11

<211> LENGTH: 149

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

Asn Pro His Ala Lys Glu Cys Gly Gly Val Phe Thr Asp Pro Lys Arg

Ile Phe Lys Ser Pro Gly Phe Pro Asn Glu Tyr Glu Asp Asn Gln Ile
20 25 30

Cys Tyr Trp His Ile Arg Leu Lys Tyr Gly Gln Arg Ile His Leu Ser
35 40 45

Phe Leu Asp Phe Asp Leu Glu Asp Asp Pro Gly Cys Leu Ala Asp Tyr
50 55 60

Val Glu Ile Tyr Asp Ser Tyr Asp Asp Val His Gly Phe Val Gly Arg
65 70 75 80

Tyr Cys Gly Asp Glu Leu Pro Asp Asp Ile Ile Ser Thr Gly Asn Val
85 90 95

Met Thr Leu Lys Phe Leu Ser Asp Ala Ser Val Thr Ala Gly Gly Phe
100 105 110

Gln Ile Lys Tyr Val Ala Met Asp Pro Val Ser Lys Ser Ser Gln Gly
115 120 125

Lys Asn Thr Ser Thr Thr Ser Thr Gly Asn Lys Asn Phe Leu Ala Gly
130 135 140

Arg Phe Ser His Leu
145
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37

-continued

38

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>

<400>

SEQ ID NO 12
LENGTH: 471

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: CUB_C_TSG6
FEATURE:

NAME/KEY: CDS

LOCATION: (14)..(463)

SEQUENCE: 12

aggagatata cat atg aac cca cac gca aag gag tgt ggt ggc gte ttt

Met Asn Pro His Ala Lys Glu Cys Gly Gly Val Phe
1 5 10

aca gat cca aag cga att ttt aaa tct cca gge tte cca aat gag tac
Thr Asp Pro Lys Arg Ile Phe Lys Ser Pro Gly Phe Pro Asn Glu Tyr

15 20 25

gaa gat aac caa atc tgc tac tgg cac att aga ctc aag tat ggt cag
Glu Asp Asn Gln Ile Cys Tyr Trp His Ile Arg Leu Lys Tyr Gly Gln

35 40

cgt att cac ctg agt ttt tta gat ttt gac ctt gaa gat gac cca ggt
Arg Ile His Leu Ser Phe Leu Asp Phe Asp Leu Glu Asp Asp Pro Gly

45

50 55 60

tge ttg get gat tat gtt gaa ata tat gac agt tac gat gat gtc cat
Cys Leu Ala Asp Tyr Val Glu Ile Tyr Asp Ser Tyr Asp Asp Val His

65 70 75

gge ttt gtg gga aga tac tgt gga gat gag ctt cca gat gac atc atce
Gly Phe Val Gly Arg Tyr Cys Gly Asp Glu Leu Pro Asp Asp Ile Ile

agt aca gga aat gtc atg acc ttg aag ttt cta agt gat gct tca gtg
Ser Thr Gly Asn Val Met Thr Leu Lys Phe Leu Ser Asp Ala Ser Val

95 100 105

aca gct gga ggt ttc caa atc aaa tat gtt geca atg gat cct gta tcc
Thr Ala Gly Gly Phe Gln Ile Lys Tyr Val Ala Met Asp Pro Val Ser
110 115 120

aaa tcc agt caa gga aaa aat aca agt act act tct act gga aat aaa
Lys Ser Ser Gln Gly Lys Asn Thr Ser Thr Thr Ser Thr Gly Asn Lys

130 135 140

aac ttt tta gct gga aga ttt agc cac tta taa attcg 471
Asn Phe Leu Ala Gly Arg Phe Ser His Leu

<210>
<211>
<212>
<213>
<220>
<223>

<400>

145 150

SEQ ID NO 13

LENGTH: 150

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: CUB_C_TSG6

SEQUENCE: 13

Met Asn Pro His Ala Lys Glu Cys Gly Gly Val Phe Thr Asp Pro Lys

1

Arg Ile Phe Lys Ser Pro Gly Phe Pro Asn Glu Tyr Glu Asp Asn Gln

20 25 30

Ile Cys Tyr Trp His Ile Arg Leu Lys Tyr Gly Gln Arg Ile His Leu

35 40 45

Ser Phe Leu Asp Phe Asp Leu Glu Asp Asp Pro Gly Cys Leu Ala Asp

50

55 60

Tyr Val Glu Ile Tyr Asp Ser Tyr Asp Asp Val His Gly Phe Val Gly

65

70 75 80

Arg Tyr Cys Gly Asp Glu Leu Pro Asp Asp Ile Ile Ser Thr Gly Asn

49

97

145

193

241

289

337

385

433
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40

-continued
85 90 95
Val Met Thr Leu Lys Phe Leu Ser Asp Ala Ser Val Thr Ala Gly Gly
100 105 110
Phe Gln Ile Lys Tyr Val Ala Met Asp Pro Val Ser Lys Ser Ser Gln
115 120 125
Gly Lys Asn Thr Ser Thr Thr Ser Thr Gly Asn Lys Asn Phe Leu Ala
130 135 140
Gly Arg Phe Ser His Leu
145 150
<210> SEQ ID NO 14
<211> LENGTH: 1356
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (95)..(1300)

<400> SEQUENCE:

gtatatataa cgtgatgagc gtacgggtgce ggagacgcac cggagcgctce geccagecgc

cgyctecaag cccctgaggt ttccggggac caca atg aac aag ttg ctg tge tge
Met Asn Lys Leu Leu Cys Cys

gecg
Ala

ttt
Phe

ttg
Leu
40

gca

Ala

gac
Asp

Lys

gtg
Val

aaa
Lys
120

cca
Pro

Asn

gte
Val

ata
Ile

cte
Leu

cct
Pro
25

tgt
Cys

aag
Lys

agc
Ser

gag
Glu

tgce
Cys
105

cat
His

gag
Glu

gag
Glu

ttt
Phe

tgt
Cys
185

gtg
Val
10

cca
Pro

gac
Asp

tgg
Trp

tgg
Trp

ctyg
Leu
90

gaa
Glu

agg
Arg

cga
Arg

acg
Thr

ggt
Gly
170

tce
Ser

ttt
Phe

aag
Lys

aaa
Lys

aag
Lys

cac
His

cag
Gln

tgce
Cys

agc
Ser

aat
Asn

tca
Ser
155

cte

Leu

gga
Gly

14

ctyg
Leu

tac
Tyr

tgt
Cys

acce
Thr
60

acce
Thr

tac
Tyr

aag
Lys

tgc
Cys

aca
Thr
140

tct

Ser

ctyg
Leu

aac
Asn

gac
Asp

ctt
Leu

cct
Pro
45

gtg
Val

agt
Ser

gte
Val

gaa
Glu

cct
Pro
125

gtt
Val

aaa
Lys

cta
Leu

agt
Ser

ate
Ile

cat
His

cct
Pro

tgc
Cys

gac
Asp

aag
Lys

999
Gly
110

cct
Pro

tgc
Cys

gca
Ala

act
Thr

gaa
Glu
190

tce
Ser
15

tat
Tyr

ggt
Gly

gece
Ala

gag
Glu

cag
Gln
95

cge
Arg

gga
Gly

aaa
Lys

cce
Pro

cag
Gln
175

tca
Ser

att
Ile

gac
Asp

ace
Thr

cct
Pro

tgt
Cys
80

gag
Glu

tac
Tyr

ttt
Phe

aga
Arg

tgt
Cys
160

aaa

Lys

act
Thr

1

aag
Lys

gaa
Glu

tac
Tyr

tgce
Cys
65

cta
Leu

tgce
Cys

ctt
Leu

gga
Gly

tgt
Cys
145

aga

Arg

gga
Gly

caa
Gln

tgg
Trp

gaa
Glu

cta
Leu
50

cct
Pro

tac
Tyr

aat
Asn

gag
Glu

gtg
Val
130

cca

Pro

aaa
Lys

aat
Asn

aaa
Lys

acce
Thr

acce
Thr
35

aaa
Lys

gac
Asp

tgc
Cys

cge
Arg

ata
Ile
115

gtg
Val

gat
Asp

cac
His

gca
Ala

tgt
Cys
195

acce
Thr
20

tct
Ser

caa
Gln

cac
His

agc
Ser

acce
Thr
100

gag
Glu

caa
Gln

999
Gly

aca
Thr

aca
Thr
180

gga
Gly

5

cag
Gln

cat
His

cac
His

tac
Tyr

cce
Pro
85

cac
His

ttc
Phe

get
Ala

ttc
Phe

aat
Asn
165

cac

His

ata
Ile

gaa
Glu

cag
Gln

tgt
Cys

tac
Tyr
70

gtg
Val

aac
Asn

tgce
Cys

gga
Gly

ttc
Phe
150

tgce

Cys

gac
Asp

gat
Asp

acg
Thr

ctyg
Leu

aca
Thr
55

aca
Thr

tgce
Cys

cge
Arg

ttg
Leu

ace
Thr
135

tca

Ser

agt
Ser

aac
Asn

gtt
Val

60

115

163

211

259

307

355

403

451

499

547

595

643

691
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42

-continued
acc ctg tgt gag gag gca ttc ttc agg ttt gect gtt cct aca aag ttt 739
Thr Leu Cys Glu Glu Ala Phe Phe Arg Phe Ala Val Pro Thr Lys Phe
200 205 210 215
acg cct aac tgg ctt agt gtc ttg gta gac aat ttg cct ggc acc aaa 787
Thr Pro Asn Trp Leu Ser Val Leu Val Asp Asn Leu Pro Gly Thr Lys
220 225 230
gta aac gca gag agt gta gag agg ata aaa cgg caa cac agc tca caa 835
Val Asn Ala Glu Ser Val Glu Arg Ile Lys Arg Gln His Ser Ser Gln
235 240 245
gaa cag act ttc cag ctg ctg aag tta tgg aaa cat caa aac aaa gcc 883
Glu Gln Thr Phe Gln Leu Leu Lys Leu Trp Lys His Gln Asn Lys Ala
250 255 260
caa gat ata gtc aag aag atc atc caa gat att gac ctc tgt gaa aac 931
Gln Asp Ile Val Lys Lys Ile Ile Gln Asp Ile Asp Leu Cys Glu Asn
265 270 275
agc gtg cag cgg cac att gga cat gct aac cte acc ttc gag cag ctt 979
Ser Val Gln Arg His Ile Gly His Ala Asn Leu Thr Phe Glu Gln Leu
280 285 290 295
cgt agce ttg atg gaa agc tta ccg gga aag aaa gtg gga gca gaa gac 1027
Arg Ser Leu Met Glu Ser Leu Pro Gly Lys Lys Val Gly Ala Glu Asp
300 305 310
att gaa aaa aca ata aag gca tgc aaa ccc agt gac cag atc ctg aag 1075
Ile Glu Lys Thr Ile Lys Ala Cys Lys Pro Ser Asp Gln Ile Leu Lys
315 320 325
ctg ctc agt ttg tgg cga ata aaa aat ggc gac caa gac acc ttg aag 1123
Leu Leu Ser Leu Trp Arg Ile Lys Asn Gly Asp Gln Asp Thr Leu Lys
330 335 340
ggc cta atg cac gca cta aag cac tca aag acg tac cac ttt ccc aaa 1171
Gly Leu Met His Ala Leu Lys His Ser Lys Thr Tyr His Phe Pro Lys
345 350 355
act gtc act cag agt cta aag aag acc atc agg ttc ctt cac agc ttc 1219
Thr Val Thr Gln Ser Leu Lys Lys Thr Ile Arg Phe Leu His Ser Phe
360 365 370 375
aca atg tac aaa ttg tat cag aag tta ttt tta gaa atg ata ggt aac 1267
Thr Met Tyr Lys Leu Tyr Gln Lys Leu Phe Leu Glu Met Ile Gly Asn
380 385 390
cag gtc caa tca gta aaa ata agc tgc tta taa ctggaaatgg ccattgagct 1320
Gln Val Gln Ser Val Lys Ile Ser Cys Leu
395 400
gtttcctcac aattggcgag atcccatgga tgataa 1356

<210> SEQ ID NO 15

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1

Lys

Glu

Tyr

Cys

65

Leu

Asn

Trp

Glu

Leu

50

Pro

Tyr

Lys

Thr

Thr

35

Lys

Asp

Cys

Leu

Thr

20

Ser

Gln

His

Ser

401

Homo sapiens

15

Leu

Gln

His

His

Tyr

Pro
85

Cys

Glu

Gln

Cys

Tyr

70

Val

Cys

Thr

Leu

Thr

55

Thr

Cys

Ala

Phe

Leu

40

Ala

Asp

Lys

Leu

Pro

25

Cys

Lys

Ser

Glu

Val

10

Pro

Asp

Trp

Trp

Leu
90

Phe

Lys

Lys

Lys

His

75

Gln

Leu

Tyr

Cys

Thr

60

Thr

Tyr

Asp

Leu

Pro

45

Val

Ser

Val

Ile

His

30

Pro

Cys

Asp

Lys

Ser

15

Tyr

Gly

Ala

Glu

Gln
95

Ile

Asp

Thr

Pro

Cys

80

Glu
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43

44

-continued

Thr
100

Cys Asn Arg His Asn Arg Val Cys Glu

105

Cys Lys Glu

Glu Ile

115

Glu Phe Pro

125

Leu Cys Leu Lys His Ser

120

Arg Cys

Val
130

Val Gln Ala Thr

135

Glu Thr

140

Gly Gly Pro Arg Asn Val

Phe Phe

150

Glu Thr Ser Ser

155

Cys Pro Ser Asn

145

Asp Gly Lys

Thr Asn Ser Val Phe Leu Leu Leu

165

Arg Lys His Cys Gly

170
Ala Thr
180

Gly Asn His Asp Asn Ile Cys Ser Asn Ser

185

Gly

Gln Ile Val Thr

200

Glu Glu Ala

205

Lys Cys Leu

195

Gly Asp Cys

Phe Ala

210

Val Thr Phe

215

Thr Leu Ser

220

Pro Lys Pro Asn Trp

Thr
230

Val Ala Glu

235

Asp Asn Leu Pro Asn Ser Val

225

Gly Lys

Gln Gln Glu Gln Thr

250

Ser Ser Phe Gln Leu

245

Lys Arg His

Gln
260

Trp Lys His Asn Lys Ala Gln Asp Ile Val

265

Lys Lys

Ile Glu Val Gln Ile

285

Ser His

280

Asp Asp Leu Asn

275

Cys Arg

Thr Phe Glu Gln Met Glu

300

Leu Ser Leu Ser

295

Leu
290

Asn Arg

Val Ala Glu

310

Ile Glu Thr

315

Lys Ile

305

Lys Gly Asp Lys Lys

Gln Ile

325

Ser Leu

330

Pro Ser Asp Leu Lys Leu Leu Trp Arg

Gly Gln Thr Leu Met His Ala Leu

345

Asp Asp Leu

340

Lys Gly

Thr Phe Thr

360

Val Thr Gln Leu

365

Lys Tyr His Pro Ser

355

Lys

Ile Phe Phe

375

Thr Met Leu

380

Arg Leu His Ser

370

Tyr Lys Tyr

Phe
385

Glu Met Ile Gln Val Gln Ser Val

395

Leu Gly Asn

390

Lys

Leu

Gly

110

Pro

Cys

Ala

Thr

Glu

190

Phe

Val

Glu

Leu

Ile

270

Gly

Leu

Ala

Ile

Lys

350

Lys

Gln

Ile

Arg Tyr

Gly Phe

Lys Arg

Pro Cys

160

Gln
175

Lys
Ser Thr
Phe Arg
Val

Leu

Ile
240

Arg

Lys Leu

255

Ile Gln

His Ala

Pro Gly

Cys Lys

320
Lys Asn
335

His Ser

Lys Thr

Lys Leu

Ser Cys

400

The invention claimed is:

1. A method of treating osteoporosis in a subject in need
thereof, the method comprising administering to the subject a
therapeutically effective amount of a TSG-6 polypeptide,
wherein the TSG-6 polypeptide is not administered in com-
bination with PTX3;

wherein the TSG-6 polypeptide comprises:

(1) the amino acid sequence of SEQ IDNO: 2,3,5,6,7,
9,10, 11 or 13, or

(i1) an amino acid sequence having at least 95% identity
to the amino acid sequence of SEQ ID NO: 2,3, 5, 6,
7,9,10,11 or 13.

2. The method according to claim 1, wherein said TSG-6
polypeptide has RANKL binding activity.

3. The method according to claim 2, wherein said polypep-
tide consists of the sequence shown in SEQ ID NO:2 or 5.

55

60

4. The method according to claim 1, wherein said TSG-6
polypeptide is administered simultaneously, separately, or
sequentially with a therapeutically effective amount of an
OPG polypeptide, wherein the OPG polypeptide comprises:

(1) the amino acid sequence set fourth in SEQ ID NO:15, or

(i1) an amino acid sequence having least 90% identity to the

amino acid sequence set forth SEQ ID NO:15 and hav-
ing RANKL binding activity.

5. The method according to claim 1, wherein said TSG-6
polypeptide is administered in combination with a therapeu-
tically effective amount of an OPG polypeptide, wherein the
OPG polypeptide comprises:

(1) the amino acid sequence set forth in SEQ ID NO:15, or

(i1) an amino acid sequence having at least 90% identity to

the amino sequence set forth in SEQ ID NO:15 and
having RANKL binding activity.
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